4*3 



BY AUfh^ip' OF 

JOHN K. w6akQ<&[ 



REVIEWED BV 



mmTTAH DISTRICT HXSTORT 



BOOK I? - PILE PROJECT 



X-1Q 



VOUJHS 3 - DESI3H 



^7 




i>. ^ ^c? va 




E 




rii> 




31 December 1946 




ORG 94C77 



This volume of Book IV of the Manhattan District History presents 
a brief discussion of the design features of the Hartford Hngineer 
Works and deals with the period between 1 February 1943 and larch 1945. 
or the initial statement of deaigfc requirements , as defined by re- 
search and development work, and the completion of final drawings 
and blueprints for construction* Minute details and highly technical 
discussions have been avoided, wherever possible, in an effort to 
present a olear, comprehensive history of the unique design problems* 

Since it Tsraa often necessary to forcmilafce plans for prooess equip- 
ment and buildings without the benefit of a sufficiently detailed re- 
sear oh program, it has been necessary to include in this volume some 
material -which might well have been included in Voliaae 2* 

k rather detailed description of the design of Richland Tillage 
has been included in this volume* Hxotographs presenting a complete 
picture of the completed Hanford Engineer TCorks may be found in the 
appendix material of Volurae 6. 

The aunaaary contains an abstract of every .major subject treated 
in the main text, which is considered to be sufficient for the reader 

♦ 

who is not interested in the actual design details * This susnary is 
keyed to the text in such a manner that paragraph headings and numbers 
in the aussaary refer to the various sections in the text* 

Supplementary material and references, necessary to a clear under- 
standing of the narrative, are presented in four appendices bound in a 

separate cover* Appendix references have been made in the text as a 

■ 



combination of letters and numeral* j the letters denote the appendix 
divisions and numerals refer to the position of the item in the 
particular appendix. Thus (See App, A 12) would refer to Appendix A, 
item 12 of that appendix* 

Other phases of the history of the Pile Projeet are described in 
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1* Introduction. - The Stanford Baglxwett /orlai for fcho ;>roeiuoiiG 
of plutonima and the separation of plutoaiuss ftroaa urouiusi una f issiou 
by-product e lossente wee designed by the S3. !• Ju Nut ae Itemeurs 
Company on the basis of inforrsation furaitfh*&d by the :.fet«llurgio*l 
Laboratory* The design proceeded ^esserally abr&ast of isrooess de- 
velopment *ud* in one oaae, per aitt«d the use of either of two pro* 
oessos *hieb offered the beet prospeots of successful operation* 
duotion unite were of unusual design since the processes necessitated 
reoote operation and shielding of personnel from radioactivity. 41* 
though standard equipment was used wherever possible* imch of the 
equipment was of original design* Changes in design were effeeted 
-ahere neoessary to facilitate operation* 

2. 3ite Criteria and Selection * * Yelimiaary mirk on the pro* 
duotion and separation of plutoniua had show* that* because of the 
requirements of the isost feasible manufacturing ?rooes«cs and the 
possible dangers accompanying the handling of lur^e quantities of 
radioactive roaterials* the plant site must satisfy certain require* 
nentsi 

1* A manufacturing site of approximately 12 miles 
by 16 ailea* 

2* No town having a population greater than 1,000 

nearer than 20 miles # or public highway or railroad 
nearer than ten miles to the i&tnuf&eturlog site* 

3* Available water supply of at lomt 26«000 ^llen* 



per sdxiute* 

4* 4a eleetrical eupply of at Umt 100,000 kilowtte* 
Also to be considered were the load-bear lag characteristics arid value 
of the i*nd # mi of aeoeoe to railroad and til&mny facilities, and 
arai lability of fuel and oonorete aggregetea. Preliminary investi- 
gation fay the Got pa of Sngineere and the du Font Company showed that 
the larga pmr requirement Had tad the alta eholee to the Faoifio 
$orthw»at t or the Peoifio Southwest. Aftar inepeetlon of the various 
proposed sites It wae found that tha region near tianford and ?*hite 
3luffa # in southeastern ftaahlngton, moat siearly m% tha aita require* 
menta. Thie eeai*arid region la located beside tha Columbia River, 
ona of tha largeet rivere ia tenae of water flow la tha United Statea* 

and it near tha l&dnay Station cm tha 280 ki lo volt lines between 

■ 

Grand Coulee and Bonneville Dasa. Tha toanufaeturiag area ia ral- 
atively level* tha neereat cofltHunity of any alae la lafciasa, about 49 
ad lee to tha west* and eonorata aggregates are available on tha site, 

S« A Brief Bosorlptloa of tha Operating Plant* * Seoauee of 
tha haeardoue natura of tha processes, tha ^roduotion areas of tha 
Hanford Engineer Works wara # of aeoeeeity* dee 1 grted ae independent 
unite to ba conatruatad la widely eepareted dlatrleta* Thia deoleioa 
wee made ia ordar that aoaidaata ia any ona araa should not affect 

■ 

tha operation of tha regaining unite* Thara ara six araaa in which 
thaaa facilities ara looatad. Thara ia ona Metal Fabrio&tion and 
Teeting Araa where tha uranlua faad jaeterlal ia machined into slugs 
and aanned for charging into tha Pi la unite* Thle area also eon* 
taina elaborate faoilitiea for the tea ting of all materials and 





instruments used is the transmutation and separation pr oca seas* Tha 
three Pile Areas contain the tareasautation units* each of uhioh is 
composed of carefully ■aahtasd graphite blocks piereed by 2004 aluminum 
tubes* into which the earned uranium slugs are charged, surrounded 
by shielding to protest personnel from radioactive emissions* Cooling 

water ia f oroed through the anralaa between tha alnadmaa tuba and 

■ 

uranium slugs to rmacrvw tha ha at generated by tha reaction* Tha water 
system ia designed aa that* should aithar tha electricity or a team 
fail* pimping would continue at an adsquate rata* To Insure pure 
water and thue avoid aorroaion problems* rather complete water treat- 
sent faeilitiaa are provided* 4 helium circulation ays tern ia used to 
remove air* moisture* and impuritiee from the Pile structure* The two 
Separation Areae oontaia three Separation Hants (each of which in* 
eludes a Separation Building and a Concentration Building) and aa Iso- 
lation Building* Elaborate shielding and remote operation and main- 
tenaase are neoaeaary in the Separation Buildings because of tha 

■ 

into we radioaotivity encountered in thie phase of tha process* The 
Concentration Buildings aad tha Isolation Building are equipped for 

4 

mere direet operation and with leaa shielding* Storage baa been pro* 
rided for waste prooeaa solutions sinee their radioactivity precludes 
diacharge into tha Columbia liver* Buildings for the a tor age of ir- 
radiated uranixmi intermediate to the transmutation and separation pro- 
eoaaes and a vault for the storage of the final product are included 
ia the Separation Areas. 

4* Mitel Fabrication and Tea ting Area* » A Matal Fabrication aad 
Tea ting Area was designed where the uranium metal could be aaehined 
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end owned by eaeloeing the short uranium segments in on aluminum 
shsath* la this irt* all the equipment could be of standard design 
with slight mod if ieatioms because of the properties of uranium. aIso 
included in the design of this area mr«i s tost File, slmilsr to 
those at Argeaae sad Clinton laboratories | a semi-works ^operation 
Plant* ompleylmg working models of actual production units f and a 
variety of shops and laboratories* Slaoe nose of thoso eotivitieo 
involved high lore Is of radioactivity, these faoilitios wore grouped 
in this oao area at a distsaoo from the baser do of the other predmo» 
tlon ere so* 

5. Pile iron* • The problems that had to bo solved in order to 
make the Pile ftrojeet foes ibis mcret 

lm To determine the conditions for a controlled* 

so If -sustaining reaction^ 
t* To secure adequate enounts of primary matarlalc of 

suffieient purity* 
3* To develop methods for operating %hm reaction at 
high power levels, and to put these methods into 
operation* 

4* To extract sad purify the plutemiua from the fission 
pr oduots • 

8. To maintain health and oefety during the process* 
fl* To produce useful bombs of plutonlum* 
7« To accomplish these results in time to be of 
military significance* 

A self-sustaining* controllable reaction was established on f Decembe 

* 



1942 at the Hetallurgieal Laboratory* Procurement of aaterials mas 
narrowed down to graphite and uranium and it appeared as if thoee two 
could soon bo obtained in reasonable quantities* Although a graphite 
Pile with a uranium lattice and helium cooling appeared to be the 
most feasible* designs were drawn up for several other types* includ- 
ing a heavy-water plant* an enr i ehed-ur solum plant* a uranium 
he xafluorl de-coo led plant* a molten blssuth-cooled plant* and a water- 
cooled plant* A heavy-water plant was eliminated from consideration 
as a manufacturing unit since no large quantities of heavy water would 
be available for some tine* An enrlehed-uranium plant would have 
required something lite 40 pounds of additional uraniuaar-236 or 
plutonlufr»239* neither of which was available* Although it seemed as 
if a solten bismuth-cooled plant would operate at high power levels* 
the technical problems to be solved were much more complex than 
those involved in the design of other types of plants* 

The du Pont Company originally accepted the helium-cooled plant 
as the one for <nhioh design could be carried through most quickly* 
However* after farther study* this ohoioe was abandoned because of 
the hasard of leakage of high-pressure coolant* the difficulty of 
procuring large b losers quickly* and other factors* Accordingly* the 
Metallurgical Laboratory submitted to the Prime Contractor a pre* 
liminary design suggestion for a liquid-cooled plant* Either water 
or diphenyl could be used as the coolant with only slight changes 

■ 

in design* After outlining the principal difficulties to be en** 
countered in using diphenyl* e*g«, polymerisation and freesing* it was 
decided to proceed with design of a large-scale* water-cooled unit* 




Beeisiono bad to be made as to aethede of sooliagi whether the Pile 
ghoul d bo a herisontel or vwrtieel Pilei whether long uraaiun rocia 
running throughout tho entire length of the Pile should bo u**d in 
preference to short segnentsi ud whether tho sp&oer ribs ihould bo 
pleoed in tho tube or an the rod sheeth. Prohlmm in the design of 
tho Pile Included ehealeal end elootroehaaioal aerrosion* the hoot 
form of Hie shielding, nethods of handling tho irradiated segment* 
after dieoharge from tho Pile, and control rod* for keeping tho Pile 
power level within bound* • Originally it was felt that reeirsulatii 
of water irould ho better then enee-through jmseege of raw water* 
There una too nuoh riak of eontaainntiag the it ream from which the 
voter weald ho taken and it seened likely that tho anotmt of water 
required would ho a large fraction of tho atreaa* Consequently, pr< 
visions were node for removing tho gaeee evolved under radiation 
conditions 1 radiation shielding would ho re quired j and oerrooion of 
equipment would have to ho considered* 3hen the Coloahia RiTer eit< 
with i to dependable supply of largo $uantitieo of oool water « had 
boon selected, all theeo designs had to be revised* sinoe once-throi 
paaeago of raw water would not necessitate suoh extenelva preeeutioi 
Tho final design of tho Pile Arese ae submitted by the d» Pont 
Design Division to the Construction Division provided for 0 buildin 
housing a 280*000 kilowatt Pile, eonpleto with aoooseorioa and 00a* 
trolo and a collate eoollag watw systea. a graphite structure* 8 
foot by 36 foot by 86 feet, designed to be made up of approximately 
100,000 graphite hare bored to receive 2004 aluMmta tubes wee do* 
oided upon* All naterials of construction used in the Pile had to 



be chosen after their neutron absorption qualities end degree of 
purity had been determined, since impuritiss might have such high 
absorption eapaeitioe ae to render the Pile ueeleee for the sue leer 
chain reaction* Since investigation had proved that the optimum 
spacing required for the aluminum tube pattern was 8-3/8 inches, the 
cross -sectional area of the graphite bare chosen ae the basis for the 
structure was one which could be finished to a 4-S/ld inch square* 
As in the caee of the graphite* design of the Pile'e aluminum tubee 
called for extremely close tolerances * This* combined with the fact 
that two longitudinal ribs were required on the inside of the tubee 

on ehioh the uranium slugs were to reet* made their production diffi* 

i 

cult* The Pile structure would require unprecedented shielding to 
prevent the escape of radio-active emls clone* Two shielde were found 
necessary* an imer thermal shield* designed of eeet iron blocks* 
which would absorb moot of the thermal neutrons and gamma rays emerge 
ing from the Pile structure* while am outer biological chic Id would 
reduce the remaining radiation to a tolerable level* Thick concrete 
walls were also found necessary as an additional mesne of shielding 
for operating personnel* It wae neoeeeary that special Instruments 
for the control of the Pile be provided to enable the system to re- 
spend to any variation in water eupply and Pile activity* and to en* 
able monitoring of the power level* Control and safety rode had to 
be designed to retard or check the Pile reaction* ae the situation 
demanded* which could bo activated by these instruments but could 
alee be inserted manually if neoeeeary* A borax solution* as an 
additional safety aeaaure* vat provided la oaae of failure of the 
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rods to operate. 

In order to insure continuity of water supply and to miniaiu 
corrosion during extended periods of operation* an elaborately 
signed system was not only necessary* but also essential* The 
average requirement of each Pile Area was estimated to vary from about; 
60*000 to 60*000 gallons of water per minute bat only 30,000 gallons 
per minute of this total would be aseeseary for process cooling* re* 
quiring special treatment. A river pump house wee designed for eaeh 
area to meet these requirement* as well as sens Separation Area re~ 
quiremsnts* and eaoh pysp house* in addition* was to have a stand-by 
capacity for delivering 20*000 gallons per minute to the other Pile 
Areas in case of emergency* It wee decided to use electrically driven 
pumpc during normal operation but* to Insure continuity of operation* 
steam turbi ne - dr iven pumps were aleo to be provided* Water frost the 
pump houses was to be stored in 26-allllon gallon reservoirs* So that 
formation of film on aluminum tubes should be at a minimum* filtration 
plants* eaoh of which was to have a capacity of 86*000 gallons per 
minute* were designed for filtering and treating process water* A 
demineralisatlon plant was also thought necessary and wee Installed in 
one Pile Area to produce pure water but was later found to be un«* 
necessary* Because of the presence of dissolved gases in the river 
water* a deaeration plant was designed for each area for the low** 
temperature removal of these gases* but these* like the deaineraiisa-* 
tion units* were found to be unnecessary to successful operation* 
Refrigeration units were designed for two File Areas to prevent re* 
duction of Pile production capacity during the warm periods of the 
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year* Tanks* specially designed to prevent contamination of vat or dtar<«* 
ing storage, were provided for the process water prior to ita use* 1% 

was decided that each area should have twelve sets of pumping units t J fco 

■ 

consist of turbine driven punps la series with electrically driven 
pumps* la normal oparatioa both steam and electrical pumps could 
operata at partial load bat oaoh typo «m daaigaad to supply 
requirements in tha event of failure of one source of pcmr« A re- 
tention basin* of euoh proportions aa to permit handling tha largo 
volume of water and allow a decay of radioactivity before die charge 
into tha river* had to be designed* 

Since a heliua atncsphere would be effeotiire in removing poieenotae 
gaaea frea the Pile structure* it waa necessary to design a shielded 
purif loatioa and circulation systsee for the gas as well aa ventilation 
of File buildings # removing the helium and other gases which would 
normally leak out of tha Pile structure » Steam planta of simple de- 
sign for maximum reliability ware required* elnoe* in ease of oleetrl- 
oal power failure* steam would have to be provided for the stand-by 
turbine driven puapa and generators aa well as for the prooeee water 
puapa. 

6* Separation Area* * Raving proved the feasibility of separating 
plutoniua from the fission products and ur anion* four processes pre- 
sented the best possibilities for suooessful operation* These were tha 
precipitation prooees* In whioh the separation of one or acre sub- 
staneea from a solution is effected fay the conversion of thooe sub- 
atanoea to a solid state*, the solvent extraction process in whioh 
certain substances are soluble in one solvent but not in others | the 



absorption proeees whioh permits tha aeleotlve collection of sotae of 

the substanoes on the aleroeoopie surface* o/ a suitauls adsorbent 
material* and the fractional volatilisation process in whioh sepereti 
is effsoted by a distillation of a oaixturs of the substanoes and the 
separate oolleotloa of tha distillatas at aeoh soiling point * Design 
prooeeded oonourreatly on ail these difference processes, but in tha 
early part of 194S, all deeiga work ma eoneeatrated on tha preoipi" 
tat ion prooess* with two possibla carriers, blawuth phosphate and laa 
thamos fluoride* la Juno 1948, oisphaeis waa plaoed cm tha bienuth 
phosphate proeees* Although bisawth phosphate is tha poorer oarrlar 
of tha two* the corrosion problems involved In using tha fluoride wer* 
nor a extensive* 

Through a s arias of changes* tha original mmber of Separation 
Plants waa reduced fro* eight to three* Thara were ta be two Separa* 
tlon Areas* containing thasa thraa 3 a par at ion Plants « an Isolation 
Building* faoilitlaa for tha s tor aga of irradiated slugs and of 
tha final product* kcoh Separation Plant waa designed ta include a 
Separation Building* a Concentration Building* a Ventilation Building 
and a fteate Storage Area* The procedure would involve removing the 
slugs from tha File and carrying than in specially designed railroad 
oars to a Lag Storage Building where they would be stored under a 
shielding of W-l/j feet of water before use in the separation prooeei 

In the design of the Separation Baildlngs t in which the first phase oJ 
the separation process would be oarrled out* it waa elear that, beoam 
of the intense radioactivity to be encountered, all the operations in 
this building would hare to be performed by remote control in heavily 

■ 



shielded oella« A epeoial type of itainleM steel would be required 
in the doeiga of proeece equi pment and oould bo obtained only of tor 
extensive development wsrk« A standard equipment -roup /or thie 
building would ooneict of • centrifuge, out eh tank, precipitator, 
and solution tank, 1 coated la two cells, Tho cells wore ao Assigned 
that now units of equipment oould bo assembled and ad jus tad la another 
building, earefully dlsaeeenbled, aad reaseembled la any oell by re» 
mote control. At least eovca to aiao foot of concrete weuld bo 
neeeoeary to ee per ate oil prooooo equipment from opera ting personnels 
To eliminate tho need for puapo and their aubooquoat maintenoneo 
problem, stean-jet syphons wore designed to traaafor eolutiene end 
alurrloo frna aay one piece of equipment to another • demote operation 
of all prooooo equipment wae to bo facilitated by tho uao of epeoially 
designed Tlsuel aad audible aide ae wall ao e tender d industrial eon- 
trol itutraaoats, A epooial 7 B- torn bridge eraae with a load-shielded 
eab, equipped with periscopes to permit normal operation, for lifting 
and for manipulating tho apeoially deei&nsd impact wrenohee wae do- 
eigaod for remote maiataaanoa of oolle aad equipment* It wae deoided 
to looato operating galleriee along one aide of the building on three 
IotoIo, A eeotiom of one of tho Separation 3uildiage wae to bo ueod 
for prooooo developments 

Tho doeiga of tho Concentration Buildiage and tho Isolation 
Building, la whioh tho prooooo warn to bo fturther earriod out, wae 
aimilar to that ueod in tho Separation Buildiage. After leering tho 
Separation Bulldlnge, however, tho aetirlty of tho product eolutlcn 
would bo auff ioiently low that doeiga of all eubeequent equipment and 



shielding could be modified to permit more direct operation and main- 
tenanee* Since many of the process mates would bo intensely radio- 
active, it was necessary to provide atorago space for theae wastes for 
an indefinite period* Stool tanks # aot in concrete and buried in the 
earth, to eliminate radiation hasarda, were arranged in oaaeade to 
allow suspended solids containing the balk of the radioactivity to 
collect in the first tank of each series and to permit emptying of 
subsequent tanks when the activity had deer eased sufflslsntly* It 
was necessary that the Separation and Concentration Buildings also be 
carefully ventilated to proTsnt contamination of building air« Fans 
and steam* jet syphons were designed to exhaust ventilation air and 
waste procesa gases to a 200-foot staok« Since adequate dilution of 
staok gases was contingent upon weather conditions* a meteerologioal 
station was included in the design of the Separation Areas to permit 
scheduling of operations* Water for each Separation Area was to be 
supplied from the Pile Areas through reinforced concrete lines • The 
system inoluded a storage reservoir and a small filter plant* A 
boiler plant was incorporated in the design of each Separation Area 
to provide steam for process and heating requirements • 

7* Service Utilities* • The necessity for great quantities of 
uninterrupted electrical power required the strengthening and expand* 
ing of the Bomevllle Power Administration* a transmission and distri- 
bution systesu Surveys were conducted* and the Oerpe of Engineers 
aided the Bonneville Power Administration in obtaining the necessary 
equipment. The main area transmission line Is a 2S0 Id lore It loop* 
joining the five operating areas « which can be fed from either end* 
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Tho aroa ooaaoaioatioao nymtm mi dooigned by tho Frlno Contractor 
with tho ooaaultout aorrlooa of tho Joacrioaa Tela phono and Telegraph 
Coapaqy and tho collaboration of the Chi of Signal Of flow* A ooapro- 
he as i to road eyotea woo designed to expedite ooaetruotloa and to 
aoooonodste any eaorgeaey traffic during fehe op-orationo period* Tho 
exiotiag spar line of tho Chicago, yilvmulese, 3t« Paul wad Paoifio 
Railroad woo IsproTod and approxiaately 100 giiee of standard gauge* 

single-track railway m deeigaed to serve tho plant and housing areas. 

■ 

8« Richland Village, » Sinoo so oojwauaity with facilities for 
housing tho operating personnel of tho Ilaaford Engineer ^orfce existed 
near tho cite* it one aeoeoeery to build *a entirely wow onammnl ty or 
to enlarge an exiotiag cmo« Tho latter woo to bo preferred* oo the 
existing buildings oould bo uood to somo extent aai o ain loans aaouat 
of grades would bo required. It woo accessary that tho eemaiity bo 
at o diotoaoo from tho production orooo both for tho safety of tho in* 
habit ante and tho aoourity of tho Project* Riohland, aa existing 
qonnaml ty of 200 persons la tho southeastern part of tho reservation, 
wao oolootod oad tho design of o Till ago to eoooaaodate 6600 persona 
woo begun. Moot of tho oadotiag reeideaeeo woro not suitable for in- 
corporation lato a nedera eoasamiby and tho eestaerelal buildings woro 
•mil* so thot only a fow of the* could bo incorporated into tho now 
Tillage although aasy woro uood during tho cons true tloa period* Tho 
original population activates made la "larch 1049 woro based on oa 
oporotlag foroo of 4000 aad tho aeouaptien that 40 to 50 par ooat of 
thoa oould find housing la nearby ooaouaitlco, Ao it wao found that 
off -are* housing wao not available, ao tho nood for a larger oporating 
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force beoatae apparent, and as it was found that there would be an 
overlap between construction and operating forces* Riohland Tillage 
mas finally designed to accommodate 17 # 500 persons* In addition to 
housing and commercial facilities, the administrative facilities for 
the Hanford Engineer Works were to be located in Richland Tillage* 
The number of housing units to be built in Richland Tillage was in* 
creased during the design period as the population estimates were re- 
vised upward. It was decided to utilise ae many ae possible of the 
existing houses and to build new houses* dormitories* and a hotel* 
Three classes of convent ienal-type houses would be provided and* with 
increased population estlaates « contracts were let for acre houses in 
each of the three olasses* In SJovember 1943* a study of prefabricated 
houses was undertaken and it was decided to erect them in the new 
(western) portion of the Tillage* All prefabricated houses were fur* 
nished and 1176 sets of maple furniture are provided for the 
oonventional»type houses* lignite-burning hot-air furnaces were 
selected for heating the conventional-type houses and the prefabricated 
houses were equipped with electrical unit heaters* A total of 25 
dormitories was provided for living quarters for approximately 1000 
men and women ami a hotel was designed to accommodate 150 guests in 
its 114 rooms* 

Cosasseroial facilities* grouped in the central portion of the 
village* with the exception of four food markets, two drug stores, and 
three service stations i&ich were to be located in the residential 
district* were provided* Facilities were provided to supply all of 
the necessary merchandise and services* Educational facilities for 
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approximately 1900 itudents wore provided i» the four conreaieotly 

- 

located elementary schools and the high school* The high school m 
to ham oojaplete athletic facilities* an audi tor iu&i* and a oaf atari a 
A new lBCWbod hospital and the Pr of as 9 icmal 3uildia£ for private and 



olinioal treatment mere leoatad near the Admtnietr&ticm Area* mm 

ohurohea were provided far the Catholic and United Protestant 

groups and the Spis copal, Luther an, and lor mom jrmip* ware to use one 



of the existing ohurohea* An adequate fire proisotion aystsa with 
three fire stations was also provided* The existing park along the 
Columbia River oear the business section of the Tillage was retained! 
open plota of lead la the village ware te he used aa snail neighbor- 
hood parks f aad haaeball aad aoftball diamonds ware established. In 
additloa # the high school athletic field and the echoel gymnasiums 
vara te be made aval labia for Tillage use* Two theatres and a roe* 
reation building with extensive faellitiea «ere to be fur nil hod for 
iadoor reeroatioa* Sleetrieal power would be die tribute d by three 
substations from a 68 kilovolt Xiae running through Richland between 
Hanford aad Paaeo* A aew sewage disposal system mm designed for the 

Tillage and a garbace oelleetloa system was established* Jtrtven wells 

■ 

were chosen for the source of water but a river puap house waa do* 
signed for construction should the water table bee eras alarmingly low* 
The water would be treated at a small ohlorinatiea station before be- 
ing fed into the two ground storage reservoirs* k small irrigation 
system existed in Richland but* as it was inadequate* the water supply 
system was uaed for irrigation during 1949 and 1944 and the water 
table dropped noticeably. The irrigation system was thea expanded and 



placed in operation la the spring of 194S. Streets Is Richland were to 
be of aaphalt-etabiliied K&e&dut ae were the sidewalks in the reel den** 
tial districts, w he r ea s the sidewalks in the Tillage ©enter would be of 
concrete* A oonvroitl bus depot was designed for use by ell inter- 
city bus lines* Me railway passenger sarvioe was pro Tided although a 
spur of the Project railway dees extend to Richland for freight service. 

9. Coats, * The cost of the design of the Hanford Engineer Works 
was $2, 881, 866.00. The break-down of design costs is nade by areas* 
Other designations, by letters, signify taaporary construction* o<**» 
norcial contracts, Ranford ouMiaairoial contracts and general eemeroial 

contracts « 

10. Qrganiiaticn and Feraopncl. * Deelgn of the Kaaford Engineer 
Works was performed by the dn Fan* Company in their Hlloingtcm Office. 
All designs* however, had to have the approval of Metallurgical 
Laboratory and representative* of the Manhattan District. The Seven** 
sent Design Organisation In the Wilalngtcn Area, under Major W. L. 
Sapper, Area Engineer, consisted of one section, headed toy B. Bowelle, 
who supervised the checking for approval of all plane and specifi- 
cations . Heading the Contractor's Design Division nee T. C« Gary, 
whose assistant was J. P. liar tel. The Supervising Engineer was F* V« 
PardM* Jr.. «ad th« Oaslga Project (TXX) *uaag*r w* H, I. Daniel*. 
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aiJIHAmiS DISTRICT HISTQBY 
BOOK IV - PI LB PROJECT 
VOUm 3 - DESIGN 



SECTIOM 1 - INTRODUCTION 

1-1 • Objeotlvoiu - The objectives of the phase of the work pre- 
seated in this volume vers the design of a large scale plant composed 
of Piles* each producing plutoniua at a rated power level of 250,000 
kilowatts f and extraction plants for the separation of the plutoniua 
from uraniun and fission by-product elements. 

1-2* Scope* * The design of these large seals production and 
separation plants entailed consideration of the following factors t 

1 # Shielding of personnel fro* hazardous radiations ■ 
2* Emergency precisions in ease of power failure or other 

interruptions to smooth operation* 
3* the development of high-grade materials # suoh as 
graphite and uranium* for use in the power unit* 
4* Aoceptable methods of handling and transporting 

radioaotive materials* 
6* Suitable and reliable means of removing heat fro* 
the produotion unite* 
1-3. Authorisation* 

a» general* - See Volume l t paragraph 1-8, page l*ft* 
b* Speoifio* * The original speeifie authorisation for the 
design of the Pile Projoet is oontained in a report to the President of 

i 

the United States » dated 18 June 1942, by Dr« J* B* Conast a Chairman 





HDRCf «nd Or* Dash* Director OSKD. The report was approved by the 
Chief of Staff, the Secretary of War and the Hee President of the 
United States before it wae transmitted on 17 Jane 1942 by Dr* Suah t 
the President, who alee approved it* 

1-4. State—at of the Problem* * Prior to the design of the Han 
ford Engineer *ork», only laboratory prodaetion of plutaxiium in in- 
finitesimal quant itiee had been demonstrated* Different proeeseee ha 
been studied and enough research work had been conducted or the vario 
designs to indicate that the proeeee was entirely feasible, although 
little knowledge of the deoiga of large scale, production unite wae 
available. Several moderators had been considered, including heavy 
water and graphite* Several typee of ooolante had also been under eos 
si deration and decigao for eeveral experimental Piles had been ten- 
tatively drssm up* Several processes for extracting the plutonium fr> 
uranium and fission by-product element* had been investigated and de- 
velopmental work was being concentrated on two of these* The probebl 
military importance of plutonium required that deelgn proceed concur- 
rently with selection and development of the proeeea* and without 
benefit of the data which might have been obtained from full scale 
laboratory operation* an oh loss pilot plant operation* Conceived by 
the Metallurgical laboratory* the plant wae designed by the da Prat 

Company* the Prime Contractor* on the basis of technical and process 

i 

information, developed through research by the Ststallurgioal Labora- 
tory and others* under #ar Department contracts (See Vol. 2)* To in- 
sure that the plant* as constructed, would conform to the technical 
requirements, all final drawing* dealing with process details were 




submitted to, and formally approved by, the jetallurgioal Laboratory 
before release for construction* This was in addition to the usual 
approval of all drawings by the Manhattan District representatives* 
(Rof t design oorttraot and contractor selection, see Vol* 1, p« 4»5») 

1-6 • Design Cons idcr atlons * - Pre liainary design of a helium- 
oooled production unit had been started at the Metallurgical Laboratory 
and this design was carried somewhat further by the Prism Contractor 
during December 1942 and January 1943* Concurrent with work cm design 
of the helium-cooled unit, an intensive study me being made comparing 
the possibilities of helium-* and water-cooled production units, the pes* 
sibillty of water-cooled units having been suggested in the middle of 
January by the Jetallurgioal Laboratory* Flans for ft helium-cooled 
unit for use at Hanford were abandoned in February 1945 because of ex* 
tresis difficulties involved in handling and purifying the required large 
volumes of gee which would become contaminated with radioactive materi- 
als, making mlntenanoe of circulators and otfeer equipment difficult If 
not impossible* Moreover * it appeared impracticable to design* procure* 

and maintain the very large and heavy pressure-sustaining Pile enele* 
sures shloh helium-cooling necessitated* Furthermore, the anticipated 
difficulties involved in loading and unloading the unit under gas pros* 
sure appeared to render the design of such a unit impracticable* the 
deoieion that the water-cooled unit offered greater possibilities of 
successful operation and appeared lose hagardous and somewhat lose 
costly to construct than the heliuswoooled unit was ooncurred in by the 
Metallurgical Laboratory (See Vol* 2)* Information on the details of 
the separation process had not been developed* Of necessity, design 
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- had to proceed generally abreast of* but ia eons o&im ahead of, pro- 
cess development* Either of two separation processes (See Vol* 2) 
whioh offered the best prospects of successful operation oould be used 
in the equipment and piping *iioh was designed* The operation of the 
Clinton seal-works laboratories provided sane experience applioable to 
Hanford design, but major design dsoisions for Sanford had to be made 
ia adranoe of Clinton operation* Both the Pile and the Separation 
Plant processes presented probleas that wore most unusual* Not only 
did they iurolre nnolear physioal principles* but both required e labor* 
ate methods of shielding to protest employees fron radloactiYity, and 
elaborate pr oris ions for renote control* Proesss buildings* beeeuse of 
the shielding required* and the renote oontrol featuree ixrrolTsd* were 
nost unusual in design* Serrioe buildings* huweve r a were of a conven- 
tional type pensitting the use* with ninor changes* of designs pro* 
pared for other florarnmsnt-ownsd plants* 3tandord equipment, although 
modified in some oaeee to meet the peon liar requirements* was utilised 
whererer possible! nost of the equipment* how oTor # was of original do* 
sign* To nest the requirements for complete shielding and subsequent 
replaosneat of parte by indirect means* unusually close toleraaoee were 
roquired in building construction and ia fabrication sad installation 
of squipnsnt* To insure safety and continuity of operation* it was 
necessary to incorporate special features eren into such things as the 
railroad ears ussd for handling the irradiated uranium between the 
Piles and the Separation Plants* as well as the tracks over which the 
oars operated* A oonprehensire testing program was necessary to 
denonetrate the practicability of many novel featuree before they 



itrt adopted for oomtruotioa. Oparation of all priaoipal pioaao of 
equipment mm mo proved mi full plant lonla* prior to aotual iyiatalla- 
tioa in the plant* Dealgoa wara modified whare naeeasary to insure 
aaxiaua workability, continuity of operation, and aaaa of replaaenant, 
if replacement should prove poealbla* A variety of complex plaeaa of 
equipment required da sign and development work by eetabltahed vendors* 
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SECTION 2 - SITS CRITKftIA k m 3EI£CTIOS 



2-1 • General » Research and pilot plant work on the Pile Pro- 
ject had shown that the production plant site would have to satisfy 
the general requirement* for any large industrial plant site except 
that the singular characteristics of ibis process dictated sons unu- 
sual features* These features would greatly limit the number of pos- 
sible sites but the area near Hanford, in southeastern Washington, was 
found to best satisfy the requirements (See Vol* 4)» 

2-2 • Criteria* Following pre Hal nary discussions and studies 
by officials of the 4a Pont Company, the Ustallurgleal Laboratory at 
the University of Chicago* the Office of Scientific Research ami De- 
velopoent, and the War Department, a Meeting was held at Wilnington, 
Delaware, on 14 December 1942 to establieh criteria for a site for the 
plant to manufacture plutonitsa* Each of the above agencies was repre- 
sented at the meeting* Based upon technical information supplied by 
the representatives of the Metallurgical Laboratory, It was agreed 
that the major site requirements indicated that a large area, suf- 
ficiently isolated from centers of population, with readily available 
sources of water and power , would be necessary* 

a« Area, The possibility of explosions of catastrophic 
proportions and the possibility of releasing to the atmosphere in- 
tensely radioactive gases would dictate the selection of a site of 

sufficient area to permit the several taanufaeturing areas to be sep» 
arated by distances of several miles * The si so of the Manufacturing 

site required was based upon the tentative decision to construct six 
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prlnary aanufaoturing areas separated by distances of uot less than 
on* utile, and four secondary mm£ aeturing areas separated from such - 
other and froa the nearest primary mnufacturing areas by not lee a 
than four miles (See Vol* 6)* Moreover, it mm decided that a bound- 
ary outside the aanufaoturing areas should be established not less 
than six ailes distant froa arjy area, A larger plant alt;© would be de- 
aanded if it were determined subsequently that the wet efficient 
space arrangement was not practicable because of considerations affect- 
ing the location of individual manufacturing areas* It ^as agreed that 
complete oontrol would have to be axeroised over not only the ±euaufac- 
taring site of 12 miles by 13 miles but alee the el* mile strip ear- 
rounding that area* with all persons other than plant employees ex- 
eluded, and that residential oeoupanoy should be prohibited within a 
larger area of about 44 miles by 48 salles, centered on the eaanufao* 
turing site* 

b« Isolation * The military importance of the Project 
and the potential haiards would demand the selection of an area of 
small existing population isolated to the laaxisam extent possible 
from any centers of population. It was agreed, therefore* that no I 
large town or city should be less than 20 Mies distant froa the 
nearest manufacturing area and that housing for workers should be 
not less than 10 alios* preferably not loss than 20 alios, fraa the 
nearest manufacturing area. Requirement* were established to insure 
aaxiwua safety to persons and security of the operating plants # ard 
were based on estimates made by the scientific personnel present at 
the above atentionad meeting relative to the ha sards inherent in the 
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prooossoo for aaaufaoturiog piutoniuu and proparlag tho f inishod 
product for ■ hi potent* Although moiii to railroad and aalB hlj!^ 
way fool lit ios m aa ostoatlal r*qulromont a it m dntor sdund, 
booauao of the possible hasards involved and tho aowsaity af saain* 
talniag sorority* that no jania lino railroad or pufolio highway should 
bo loot thou toa allot froa tho maisufaoturing aroaa* 

0* m>f« A largo ond 3op»ndnbl* supply of rolatiroly 
pare water of roaaoaably law tostporaturo would bo nooossary through 
out tho yoor la or dor to dissipate ihs •nervous quaatitiss of boot 
that would bo roloasod 1st tho transmutation proooos* It woo •stisaatod 
that tho aiainua rofuiro^aont would bo approximately £6,000 gallaao por 

olaute. Tho distanoo tho wator would haw to bo puapod tad tho pup- 

*- 

lag hoad inroivwd woro aloo ooaoldorod* 

d« Blootrlo Pewor* A dopondabio oouroo of olootrla powor 

oapablo of supplying at loaot 100,000 kilowatts would bo noooooary for 

i 

driving tho punps roqulrod to oiroulato tho largo quoatitiot of wator 
and for tho othar noooooary olaotrioal squipstsat* A olto aoar a 
oouroo oapablo of supplying this addod powor to tho pro&uotioa aroao 
with a ulniu&ss of construction would bo proforrod la or dor to avoid 
unnooossary oxponso and uoo of oritioal aaterlala* 

o» Sooondary Qoooldoratlano» Although oortaia requiro- 
aoats woro absolutely ooaontial aad waro tho oriteria of olto fol*o» 
tlon, a author of ooooadary faotora woro ooasidorod in tho final 
oolootloa* Proliaiaary studios iadioated that oortaia of tho main 
aaoafao taring buildings would prosont unusually high foundation 
loads introduolng tho praotioal faster that ground «nd subourfaoo oen- 




ditlons mould represent an Important economic consideration* Obvi- 
ously, an area of land as able for no other purpose would be desir- 
able from the standpoint of acquisition, to avoid taking fertile 
land out of agricultural production, and to avoid to the greatest 
possible extent the dislocation of inhabitants, Sinoe large quantities 
of oo nor ate were to be used in plant oonstruetlon and powerhouses were 
to bo oons true ted te insure contiguous operation in ease of failure 
of the regular power supply, looal supplies of eonorete aggregates 
and coal or oil would be desirable* The land in the a&nuf&o taring 
areas should be comparatively level for a ass and economy af ao»* 
struotlon and operation* A region with oemparatlvely slid elicsat* 
would be desirable for speed and eoonoay in construction* The pre- 
vailing wind direction and velocity were factors that would contribute 
to the location of the various imnufao taring areas relative to workers 1 
housing* 

2-3* Preliminary Investigations * The site selection study was 
made jointly by the Manhattan District and du Pont, the rt-isaa Con* 
tractor* Realising that the pros sura of industrial war activities 
was creating shortages of eliotrie power in aany sections of the 
country, a survey was ^ade to determine the areas where eleetrle power 
capacity in the amount required would be available, preferably with- 
out additional plant installation (See App* 0 1)* It appeared that 
the Paolfio Northwest would be the tost desirable from the standpoint 
of existing electrical capacity and offered the further advantage of 
hydroelectric generation, eliminating the requirement for largo quan- 
tities of eoal or fuel oil* A second possibility was the Pacific South- 
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waat whara im hydraalaotrle ;ana ration waa available* but it vraa 
doubtful whathar tha antlra load ~ould ba aba or bad without oonatruo- 
tioa of additional sonar a ting faeilitlaa* Othar aroaa aarvud by hydro 
ay a bona wara poaalbllitlaa but did not offar appraoiabla aurplua ^ao- 
orating oapaolty. Tha Tanaaaaaa V&llay \u thori 1y area waa conaidarad, 
but tha plaota at tha Clinton ..n-inear orka would aba orb all of tha 
arai labia oapaaity of that ayatam# Tha >ar Produation 3oard inforaal* 
ly oonaurrad la thaaa oonolualona* aud it waa agraad that tha initial 
aaarak would ba flrat la tha rferthwaat, thaa ia tha South wo a t # wit* 
additional soar ok if a auitabla alta waa aot found in thaaa araaa« Qon» 
awltation with offioara of tha Carpa of Snglno ar a la ^taahingtaa* D. 0., 
who wara faaillar with tha faaifla araa indiaatad that poaaibla aitaa 
naar Grand Couloa Don would approximately aaat tha requlraaanta • 

t-4« Maid Study (Saa *pp» Q !) • Cm tha afternoon of II Deeea- 
bar IMf » a party of thraa aaa laft aehlngten, 3* <3«» ta aaka fiald 
Inweetlgationa loading ta tha ao loot ion of a alta for tha ftrojoot. 
Advaaoe arrangaaanta had baaa aade with tha Diatrlot ^ineera of tha 
Oorpa of Enclaaara at Saattla 9 Portland* Saa Franaiaoo, 3aeramento # 
and Loa Inge lea. Thaaa arrangomenta included requeste for infor m * 
tloa relative ta poaaibla aitaa baaad on oritaria which had baaa fur* 
aiahadf for dlaouaaian of auoh i of oration aa waa obtained la tha 
Halted tlaa aval labia i aid tha furnlahl<ig of traneportatioa for tha 
rial ting group* During tha period froa 16 comber 134* to 31 Decen* 
bar 1941, poaaibla aitaa wara phyaiaelly inapeetad at two locationa 
naar Uanafleld* laahingtoa, ia tha Tialnity of Orand Coulee ";a»| ana 
naar ffhita Bluff a and Hanford* ?aahingten| one in tna Daaohutaa 
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Hirer Vallay ill Qrogoni and two noar tho Colorado Rlror ia Southern 
California, Thoao poaaiblo sitos woro auggoatod by tho Dlotriot Sngi* 
oNri roaponaiblo for tho roapootlvo aroaa or by up and othor atudy 
of bMio data* Many othor pooalblo looatlono woro oonoidorod in namm 
dotal 1 but woro ollainatod froa oonaidoration without ins poet ion 
booauao of failnro to noot oaa or aoro of tho apoolfio roquirenanto* 
Thoao lnoludod loontiona noor Odoaaa* ffaahingtoai Coour d'Alono* Idaho | 
Arioat RlTor, Idaho | Bond* Orogonf and Onatilla* Qrogon* In addition 
a pooaiblo location approsdaatoly oontorod on Adin* Calif ornia* on tho 
Pit RiTor in tho northora part of tho atato wno givoa thorough oonaid* 
oration 0 although it waa not phyaioally inapootod* Tho Diatriot Engi- 
aoora at Seattlo, Saoraaanto* and Loo Angoloo proparod proliadnary 
roporta ianodiatoly on known si to oonditioao at Uaaafiold and Banford 
in ^aahington, at Actio* California* and noar Ioodloa 9 California 
(Soo App* OS)* Thooo alto roporta inoludad rough oatinatao of land 
raluM* tho rolatiro aTai lability of wator 9 powor # aonoroto aggrogatoo* 
traMportatloa, and olinato* It waa oloarly indioatod that tho ffhito 
Blnffo-flanford aito in ffaahiagtoa waa tho noot doairablo and addition- 
al dotal lod land appraiaalo (Soo Vol* 4) t anbooil inroatigatlono (Soo 
Tol. 6), labor atudloo* and othor portinant atudioa woro initiatod 
with roapoot to that aito* 

1-0, Slto So loot ion* Aftor poraonal inapootlon* tho Tfhito Bluff*- 
Banford aito in ffaahington waa approrod by Kajor Gonoral L* R« Ororaa* 
Tho aito aolootod (Soo App« A 1) alnoot uniquoly aoota tho ooaontial 
r oquir onanta • It ia looatod principally in Sonton County* Taahington* 
in a a ml -arid rogion boa i do tho Colunbia Rirar, ona of tho largoat 



rivers la t«rsi of wtir f lav la the United States* Above 7c rait a, 
just north of the proposed manufacturing vM| the river drains an 
area of about 95,000 aquare miles* aa area twice the eiae of the 
state of Pennsylvania, The average flow of the river at the site 
ie 121,000 eablo foot per seooad with aa average aonthly minimum of 
40*000 oubio feet per eeeoad ia February, and a aaxlmum of 534*000 
cubic feet per seooad ia Jane* The water is exceptionally pure aad 
has aa average temperature of 50* Fahrenheit for eight mouths of the 
year and 60° Fahrenheit for the regaining four months* Power ie fur- 
aished by the Grand Coulee and the Bonneville Dane, looated oa the 
Coluabla River above and below Hanford* Two 2S0 kilovolt lines ooa* 
naot to each of these generating plants at the Midway Station* ia the 
northwest corner of the site* about six miles west of the westernmost 
manufacturing area* It is east of the Cas oa de Mountains ia aa un» 
populated area where the low* lying Rattlesnake Hills 9 Saddle Mountains* 
aad Yakima Range font the inland extreaitiee of that system* The 
nearest ooaoataity of any considerable else is Takiaa* about 40 ailes 
to the west, with a population of 80*000* The larger oitlee of 
Seattle* Taooaa* Portland, and Spokane lie well outside a 100-mile 
radius* The site Itself lies largely* and the manufacturing reserva- 
tion entirely* oa the weet bank of the Coluabla River* Aioh bounds 
the latter area oa the north and northeast (See Ipp* A 2*3)* The 
manufacturing reservation is nearly level* It is broken prominently 
only by <3able fountain #iioh is aa outcropping of the basalt that 
undorliee the entire sits* The overburden consists of shale and 

* 

i»f 




■audi to no above whioh are deposits of sand and grarsl* This ground is 
capable of sustaining hiagi bearing loads and the aaterial itaalf la 
suitable for plant roads , or, when screened and washed, for concrete 
aggregate. The total area amounts to approximately 670 square ailes, 
of which 196 square aileo ooapriss the nanufaoturiag area. Details 
as to the acquis itioa of the site are presented in Yohmm Am 
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SECT I OH S - k BRIEF DESCRIPTION OP THE OPERATITO PLAIT 

t 

3-1* Plant Layout* - The Hanford Engineer Works located la 
Southeastern Flashingtoa on a site of about 6TO square ailes cm the 
Coluabia River north of the Junction with the Yakima River (See App. 
A l)i The production areas are # of necessity* oonstruoted la six, 
independent* self-contained units looated la widely separated dis- 
tricts (See App. A 2,4) because of the hasardoue nature of the oper- 
ations involved. With this plant arrangement* dsaage to ai^y unit 
would not shut down the plant* since ether identical unite could be 
operated and the wide separation of the individual units would* 
therefore* prev e nt aoeidente in one unit from affecting the operation 
of another • The Metal Fabrication and Tasting (300) Area provides 
facilities for converting the basic nsterlal, uranlua metal, into a 
form suitable for charting late the Piles* as well as a wide variety 
of highly specialised testing* laboratory* and shop facilities* 
Three separate* alaost identical plants* known as the B* D* and F 
Pile Areas* containing the Piles #>ioh produce the plutoniua* were 
designed* The Separation Areas were designed to contain all the 
operating facilities used in the separation* Isolation* storage and 
shipment of the product* Of three separation units oonstruoted* two 
are located in the area known ae the West (200) Area and one In the 
East (200) Area* The Separation Arose are placed approximately six 
to ten miles from the Pile Areae* A single "isolation"* unit Is 
sufficient for the purification of the product after processing in 
the separation unite* and is looated in the West (200) Area*, A third 



Separation Area contains facilities for the lag storage of irra- 
diated uranium after ite discharge from the Pile, and in order te 
handle the product ion frm the Pile units, three separate lag storage 
buildings known collectively ae the North (200) Area are provided* 

3-2* Matal fabrication and Testing (500) Area (See 3co* 4) * - 
The absolute purity and axaet control of the graphite t the uranium 
and all the other material* going into the Pile were critical to sue* 
oessful operations* Since their suitability had to be finally deter- 
mined by functional tests 0 facilities were provided for testing all 
mterials or samples thereof in a teat Pile located in this are** 
Also located in the Metal Fabrication and Testing Area are facili* 
ties for the fabrication of uranium into rode* for cutting the rode 
into slugs* and for Machining and canning the slugs* Included alae 
are extensive laboratories and oontrol faoilitiee* and a sead -works 
separation plant for the study of the separation prooeas* using 
traoer amounts of the radioactive subataaoee* Complete instrument 
shops and labor atorie* are provided in thle area for the assembly* 
calibration* and maintenance of the specialised instruments uaed for 
the oontrol of the transmutation and recovery prooeasee and for the 
determination of radiation levels throughout the entire reservation* 
3*3* Pile (100) Areas (See See* 5)* * The tranesaitation of the 
uranium to plutoniua ie carried out in three transmutation unite or 
• Pi lee," each designed for operation at a level which will produce 
heat at a rate equivalent to 250.000 kilowatts* Bach Pile ie a 
structure consisting of approximately 1700 tone of carefully 
machined graphite blocks enclceing 2004 " aluminum"* tube a into which 




arc charged bttmn 250 and S00 tons of uranium in the form of nail 
cylinders » each individually sheathed (canned) la aluminum* About 
30 a 000 gallons per minute of cooling water per Pi la is continuously 
f orcod # under pros curs, through a amall annular apaoo batman the 
canned uranium and tha walla of tha tubes* To prevent possible 
serious corrosion of the aluminas tubes end cans* it was neoessary 
to provide elaborate purification facilities for the naturally pure 
Columbia Hirer water* The seriousness of the sffeet of ecrrosion 
can be measured by the fact that failure of ae few as tea of the 
2004 tubes could oauee ocmplete failure of the Pile* la addition te 
the normal water treatmsnt facilities fl it was considered nseessary te 
provide speeial equlpmsnt for each Pile to remove dissolved air and 
other gases coop lot sly from the water* Because water approaching the 
purity of distilled water night ultimately be required* there was i&» 
stalled in one Pile Area* D* apeeial equipment for producing water 
equivalent te distilled water* Since speed of construction was 
essential* this feature was omitted la the design of Pile Area B* and 
was found unnecessary for Pile Area P* the third Pile Area to be com* 
plated* Because the ability to produce plutenium is limited by the 
ability to remove heat* refrigerating equipment having a total 
capacity of 28*000 tons of refrigeration was installed la two Pile 
Are a* # D and P # to cool the river water during the sumacr months* 
Here, also* the design of Pile Area B oalttsd this feature in favor 
of completing the area in the shortest time possible. In order to 
insure continuity of water supply*; complete* independent* and in- 
dividual water facilities ware installed t and all individual units 
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were interconnected. Sini larly* it wu necessary to do sign water 
pump*, installed ia itrlti and driven by electric motors and steam 
turbines * respsstively* so that, should either the eleotrioity or 
the stem fail* the other souroe of power would oemtinue pumping 
although at less than the normal total rate* In the Piles* the 
graphite structure is entirely surrounded by gao tight steel, nasonltc* 
and concrete shielde several feet thick* through whioh the 2004 tubee 
extend* to protest operating personnel fro* the radioactivity which 
accompanies the formation of plnteniuau Because of the hasard* each 
Pile is looatod in a separate one square «ile operating area (deeig- 
nated as a' 100 Area) se arranged that the three Pi lee are separated 
fro* each other bj ■* least six dice* Although early plane to eool 
the Pi lee with helium were abandoned* a low pressure atmosphere of 
helium is maintained inside the Pile structure. The he lion is used 
to displace air* moisture* and other inpuritlee from the Pile struc- 
ture and provides for more efficient transfer of heat from the 
graphite to the oooling water tubes* Although the cooling water 
passing through the Piles becomes somewhat radioactive* this radio* 

■ 

activity is relatively short lived and* unices unexpected ooopli- 
cations arise* retention for a few hours in a specially dseigned 
basin before roleeee to the river avoids any difficulty* These ooo» 
elusions were based upon an extended study of possible deletcrioue 
effects upon fish life carried out by various research groupc co- 
operating with federal and state author itiee and an ichthyologist 
familiar with the salmon industry (Sec App. OS). Especially 

designed water inlet and outlet installations wore provided to 

3* 



avoid physical injury to the salami* Beoauas the traatad natal, ooih 
taining highly radioactive by-product*, aust be kapt under water 
continually t it ia transported on special lead~chielded railway eaarB 
to an isolated storage area where it ia stored under a minima of 15 
feet of water until the radioactivity has deeayed to a level whioh 
will permit handling for oheaioal treatment to isolate the plutonlum* 

3-4* Separation (200) Areas (See See* 6) « • There are a total, 
of three Separation Plants* saeh designed to prooces one ton of ir— 
radiated uranitae per day* There are two separate operating areas 

■ 

(deelgnated ae 200 Areas)* The Separation Areas ere aeperated Arena 
the Pile Arose and eaeh other by four miles and the twe Separation 
Plants in the one Separation Area are a silo apart* Saeh area ia 
provided with its own water supply eyatM* stem plant* and the otfeanr 
service faeilitiee to permit Independent operation* Each Separation 
Plant oonsists of a Separation Building and a Concentration Building 
in whioh the product is prepared for final treatment ia the Isolation 
Building* The Separation Buildings are continuous concrete struc- 
tures about 800 feet long* SB feet wide and 80 feet high* *»do up or 
individual oella in whioh are installed large stainless steel tanks* 
centrifuges, and other process equipment, Beoauss of the radio- 
aotirity present during the separation process* the oonorete walla 
■unrounding the oslls are seven feet thick to provide the neoesaary 
shielding* Cell covars are removable* six-foot thick oonorete blocks « 
Provision aust also be nade for transferring solutions or slurries 
from one piece of e qui pas at to another and for operating all equip— 
«nt by raaota oootrola Pariseopaa and tvlarialoa apparatus vara 
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provided to permit Halted observation of the prooeee equipment end 
to facilitate its operation. la uee a the prooeee equipment beeomee 
radioactive and maintenance end repair work be o ante difficult* if 
not iiapoeoible* to performs For thie reason it wee nsoessary to 
nekm provisions for removal and replacement of equipment by remotely 
oontr oiled oranoi t and to provide much extra equipment and spare* 
unused cells for storage of the oontesdnated defeotlve equipment * 
The oorroslve nature of the solutions involved requires the use of 
speoial stainless steel prooeee equipment throughout the Separation 
Plant* After removal of the produot from the uranium aad the removal 
of a large fraction of the radloaotive material* there is a reduction 
in radioactivity making it poesible to transfer the solution ooataia- 
ing the produot to the Concentration Buildings for farther proeeeeing 
behind somewhat lighter shields and shore leee renote operation is 
possible* After further preoeeeiag la these facilities* the product 
is removed to the Isolation Building where it is finally oonoentrated 
and prepared for delivery. ft-ocese solutions from the Separation 
Plant contain radioactive by-products which preolude their dieoharge 
into the ground or into the Columbia River* Accordingly* all prooeee 
solutions are stored indefinitely in steel-lined* reinforoed conorete 
tanks buried in the earth to protect personnel from the r ad ioa c tivity ^ 
Uany of theee solutions* as a result of the decay of radioactive 
materials 9 mill spontaneously evolve sufficient heat to cause the eol» • 
ution to boll and therefore* these tanks ere equipped with a means to 
condenee the vapors produced* A total waete storage capacity of 
approximately 26*000*000 gal lone has boon provided* The llagasine 
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Storage (213) Building is also oonsidered a part of the Separation Area 
operating plant* It is a reinforced concrete, earth-oovered building 
oontodning two ventilated vaults and la used for storage of the final 
product* 



SBCTXOI 4 - SIBTAL FABRICATION AND T3STHTO AREA 



4-1* Mrtal Ffchrloatlon and T— ting (800) Am, • Tha Ifctal 
fabrication and Tooting Araa (Sm App« A 7), as finally deoignod, 
aao to ooaprlf a faollitlao for tha fabrication of oatmod ur anion 

■ 

elugsj a test Pllef a a sal-works sopsratica plant) special instro* 
Mat shops tad toot feci lit iesi sod extensive froohnl pel lsborataries* 
Since nous of theeo eetlvltleo would involve sxpooure to high levels 
of radioactivity ead # therefore, would not involvw tho potential 
baser ds to personnel to bo experienced in tho Pile sad Separation 
Areas* it eooaod practicable to taring these fact lit loo together into 
o separate area* reacts from the g r ootor hasardo of tho operating 
ereoo and sufficiently retried trm Richland Tillage sad the Atfcd&v» 
istretivo Area to avoid any baser ds to personnel located there* 

a« Metal Fabrication Equlpacnt. • Too buildings of convex** 
tlonal design were necessary fir tho extrusion of uranitse rods trm 
•billoto**! "outgoes ing** and straightening tho rodsf nachinlng thesi 
into short oy 11 adore (slugs )| coining the slugs) and testing tho 
canned slug* preparatory to use in tho transautatlon pross s s « Tho 
aejorlty of the design of slugs and oaanlng aothode was performed 
by tho Metallurgical laboratory sad by the Priae Contractor la tho 
Wllaingten labcratorieo and ie dlsouoesd in Sootica 8 aad la Yolnae 
t» Egoipasnt for these bail dings woo of a standard deelgn, aodlfiod 
la soae rospeoto b scans e of tho characteristics of uranium astal 
(See Vol. «). 

b« Toot PlLs» * A toot Pile to bo used in dotersdning 
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the neutron absorption or emission properties of all notorial* suak 
oo grophite end uraniun mod in the construction or operation of the 
naaifaeturing PI lee m nsoeosary* in order the* ell sluco be as 
nearly psrfsot ee poeeiblo before uee in the Hie Areas • The besie 
design for the toot Pile vee similar to that of the graphite moderated 
ir conns Pile (See Vol* I) and the Sltt Pile at Clinton laboratories 
(See Tol# 1)* modified sows As t to pornit tooting of graphite before 
using it in the aanufeeturing unite* le provisions were node for 
tooling this Pile* and* therefore* It moo to operate only *t • *ery 
loo power level* 

o* 3—1 WoiU Soporntlen Plant. - 4 end -works vee de- 
signed for this srea for investigating problems arising in the sop* 
oration of plutoniue from the uranium and fission fay~produet olo* 
meats. In oontraot to the son! aortal looated in the Separation 
Area, in nhioh the equipment le similar to that used in the aotual 
■•par at ion proooeo 9 neoessitating foll-ooalo shielding* only tr aoor 
(mounts of redioaetlve substances nere to be used in thle oemi-works* 
so that shielding to protoet perseunsl and remote operation and 
aaintenanoe would be unoeoeeeery* The equipment* honover, mould be 
of a design slnilar to that used in the aotual produetion Separation 
Arose, bat on a muoh snaller soele* 

d* Special Inotrumswt Shops and Test Facilities* - Fadl» 
■ itiss for the aaintenanoe* modifieatiea* and oalibration of the many 
typos of olsotronls and other instruasnts required in the aanufao- 
turlng prooessee and safsty surveys were providsd for in the design 
of this area* Eadiua and r adlum ■ beryllium seuroee required for 




calibration of opooial inotruaonte wri to bo stored in a Standards 
Building* tho dooign of i&ioh also proridod for a Mall opooial Pil» 
for calibrating tho monitoring and control oquii— mt» 

o« Laboratories* - For furthor dovolopmt in ooxnooticm 
with tho plant proooooes* laboratories for inetrmnsni design and 
analytical control and dorolop—ut had to bo proridod* 





SECTIOI 8 - PIU AREA 

5-1* General. - km atatad la tha atetallurgioal laboratory's 
Vaaaibillty Raport* of 28 Horoabar 1948 (8m App, C 4) # tha oritieal 
problaaa that had to ba solved to aako tha Pila ftrojoet faaaibla norai 

!• To dataraina tha oooditiono for a oontrollad, salf« 
•ustaining raaotiosu 

lm To oo o ur o adaquata aaounts of priaary aatariala of auf~ 

fioiant parity* 
3« To doralop aathoda ftp operating tha reaotioa at high 

■ 

paeer Irtale and to pat thsao aathoda lata operation* 
4« To estreat aad purify tha plutoaiaa from tha flaoiaa 
produeto* 

■ « 

8 9 To Maintain haalth and aafaty daring tha prooeea* 

6# To produoa uaeful boabo of plutonlue* 

7 m TO eooaaplieh thaao reaulte la tlao to bo of allitary 

■ 

olgnifleaaee # 

a* Chain Reaction* - Tha determination of tha oon- 
ditiono for a eelf-euetaining chain roaotion vaa not primarily one of 

;■ 

deelgn but of reeearah. 3ut tha determination of thaao oooditione 
waa eaooatial to furthar progreaa* Although no oelf-euetalningi oorw 
trollabla roaotion had boon attained up to tho ond of Soreaber 1942, 
it had boon doaonotratad experiaontally that auitabla arraogeaento of 

uranlua and graphite would giro nautron roaotiona In ahich tho number 
of neutrcme would grow froa generation to generation* and tha develop* 
mdA of controlling aaehaaiaao adaquata to koop tho roaotion within 
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bemads had prograaaad eaaaidarably a Aa •xporljwntal PI la km uadar 



•amtruotlon at tha Mrtallartlaal laboratory «w* on 2 Doeoobar 1LHI 
m operated M a ■alf-*uotalnlng # Miztrol labia oyataa* 

b» rYoc uro aont of N*tarlala# •» nroouroaank af aatoerlala 
of aofflolaafe purity «ao a aajor port af tha problaa of dailgninc a 



Him* It vao olaar that, hmmwm odvaatafaooi hoary aator aigbt ba 
oa a ■odor at or, aa largo quant itioo aeali ba aval lab la fir aontua m 



• Only o fav pooado af boaty aatar aoro aval lab lo la 1S42* 
, with laorooaai pradaatiaa,, it aaa bopat thai aa mmk oo 



wmxU ba avallablo by Amvy lfM# OHmt aatorlala nMioi U 
quantitioo aara tar Mian* (r*pklta # and pooolbly baryllliau Boryllian 



hard to proaura m hoa»y water* Tharafwa, jrww«iol affarta far a 
at or mti aaatarad 1 aa grajhlta* Jraanraaaat af araaiaa and 



item ail frlaarlly tha raapaaalblllty af tha abt*lWgiaal Xafcara- 



tory bot war haadlad throngs a plaaalac board. Alaaat m vrwa&um aaa \ 



available during Mat of 10*1. but by fcmbw of tha* yaar, tha 



doatioa problaaa had baas marly aoivad* At tha baglaaiag of 1941, 



Sraphlta production was also vnantiafaotory a but aaa la qulta a 
different oouditioa froa that af uraaiua siaoa tba ladaatrlal 



tlaa of graphits had alraady baaa *ary largo* Tha problaa aaa aalaly 
of parity* far tha alddla af 19tt tha purity prablaa aaa aaaantlaU 



ly aalwad and taa awpaalaa aara pradnslag tha highly parlflsd graatdto 



with a aaatroa abaorptlaa oapaoity aaaa SO par aaa* laas thaa that of 
standard •oaaaralal typaa* 

■ 

a* Bealth aad 8nf»ty* • Tha main haiards ta 



6.1 




in the plutoaiun production prootu wr« eaaoolated with intenae 
radiation and radioactive omtcriala. Tlasarde of this type and 
nethodc of protection frcm than vara vail known fron experience with 
£-raye # radiun, and cyclotrons* Tha present process differ ad fron 
previous oxparianoa only in that tha radiationa would ba of a higher 
ordar of intensity and* therefore, additional shielding would be re- 
quired* 

i d« military Oeefulnaee+ * Tha problan of producing 

ueeful benbe of the plutenitae waa later tranafarred to another labora- 
tory looated at Loa A laws* Sew Jsxio* (See Book Tin)* 

mm timrn Elgawt, - It waa eeeentlel that theee 
probleno be solved in tlaa te be of ailltary significance* 

f • ftroduotlop and Reparation Proooeaaa * - It la with 
thaae two problana that thla and the next aeetloa are chiefly eon- 
oerned# 

5-t* Sfrjor Deelgn Probleaaa* • Sane of the important general 
problena which had te be net in the deelgn of a Pile were aa followai 

!• The design of a Pile, through which the ooolaxtb could 
be circulated* which would neat the requlreaanta of 
practicability for oonctruetion and very atrlet 
xaielaar physios linitationa* 

t* ftroviaion for circulation of the coolant at such 
ratee and with such distribution aa would parait re* 
naval of large quantltlee of heat tram the unit with- 
out the dsnrelopnont of eacoeeaive teaperaturee in any 
part of the system and atill neat the nuclear phyaiea 



requireaanta • 

3* IV orris ion for adequate a»d dependable oontrol of the 
roeotion* 

4« Proteotloa of personnel and iom typee of notarial 

f roa iotenee radiation* 
5* A dependable eethod for handling the l atoao oly 

r U i tM tl^o uranlw. 
9m Pfoteotloa of oqttiy at and, la particular » the 

uraataa agalaot oorroeloo or erosion. 
?• The dealga of all aeohaaloal equipment ta operate 
with abeobtta dependability without aainteaanoe or 
attention orer long perioda of tiae* 
5-S» Hwrlte of Different Typea of Cooling* - 81 nee production 
of euhatantlal quantitlee of plutoalua would neeeasarlly liberate 
enornoua quantltlee of heat (See Tol« S) # a aeaaa of dleeipatlng thla 
heat wee eeeeotial # Uuoy weye of aooowpllohlng thla vara available, 
but etudlea oarrled out by the Uotallurgioal Laboratory ladloated 
that the aoet praetioable type of plant would be one la which a ata» 
tlonery lattloe of uraniua would be oooled by the olroulatlea of a 
suitable ooelant* Three t ypee of eoolaata, gee* liquid* aad aetal* 
were eoneidared* The advantagee and diaadvaatagee of theee t y pee 

■ eowod to be ae folloeat 

a a 3ea-ooollng» 
1* Advantage* • 

* 

RaLatiT* slaplielty of oooatruotloa of tho 
Plla Unit. 



ba Leae eerioue oerroaion problem than la 

other types. 
Qa Relative ainplioity of mechanical equip- 

aa t far handling radioactive uraniun* 

£• Disadvantages a 

a, Lorge quantity of equipment required far the 

circulating oyatca* 
ba Large anounfc of radiation shielding requireda 
Oa Relatively lev power output of tha plant* 
d« ,HIH* gas praaaura oarriad in oyster* inereaaing 
danger from escaping gee a 
^* liquid ooolinga 
1 # Advantages* 

a# High paver output relative te tha gae-oooled 
planta 

ba Snail oooeuaptlcn of power for oiroulating tha 
liquid and, censequsntly, naderate ooat of 
poping equipment a 

a a The probability that in norael operation tha 
radioactivity in tha circulation system would 
net be ear ioua a 
2 a Disadvnatagee* 

a« In one of the designs developed* the Pile Unit 
would have te be oonotrueted with unusual pre- 
oiaiana Zn an alternate dooign* difficult 

« 

natal fahrloating problem would have ariaena 



• 



b* The aeriouei^ee of the oorroeion problea. This 
mm Id deaand protective coating cm the uraniun 
and the aethoda for Accomplishing thia depend- 
ably had not yet been dove loped # Likewise $ it 
Might have required that the circulating aye tea 
be made of etainleee eteel or non-ferroue alloys* 
o m The higher probability ae oonqpered to other 
typee, that a aeohanioal failure within the 
Pile would pre v en t the operation fr oa being 
oarried te a au o oo oo ful oonolualcsu 
Metal-cooling « 
1 » Advantegee • 

a« The poeeibillty of developing plants of hi£i 
power output • In view of the ooonoqy of 
uranium to be effected by high output # thie 
advantage would be of importance* 
b. Relative aaall atae of circulating ays tea* 
2* Dieadvantagoe* 

a* The diff loulty of handling no 1 ten aetale which 
are inteneely radioactive in the quantity re- 
quired • 

bi The fact that uraniua carbide would have te be 
used inatead of uranlua in the Pile, ainoe at 
that tliae the aonufaoture and fabrication of 
the carbide appeared to present a aerioue problca* 

e* The inoreaaed difficulty of control of high 



power plants* 

6-4 • Souroei of Operating Trouble * - A brief review of the 
souroes of operating trouble im a pom plant as seen from a pre~ 
design point of view included the following t 

1* The olr collating system in both liquids-cooled and gaa- 
oooled plants would be mdm up of conventional equip* 
3» tit which would in all probability operate satis* 
faotorily over the period of a normal operating cycle* 
The failure of one or two unite would probably oause 
no trouble rare serious than a temporary reduction, in 
power output of the unit* Repairs to the circulating 
eye tea undoubtedly eould be easily sads in ths liquid* 
ooeled plantj and in the gas-cooled plant night be wads 
after about a week of preparation* In the mctal-oooled 
plant* the oir emitting eye ten would probably not be so 
dependable # and repairs, if they could be nade at all 
during operation would involve difficult and hasardeue 
operations* 

2 # Danger from radioactivity in the circulating system 
would bo greatest in the gas-cooled plant, unices a 
successful nethod of coating the uranium could be 
developed* In the metal-cooled plant, the aaall else 
of the circulating system would facilitate ehlelding* 
In ths liquid-cooled plant, the coating of the uranium 
would prevent the circulating water from beeoadng 
intensely radioactive* A failure of the coating. 



howmr« would permit corrosion af tho uranliaa and 
aontudaatlott of tho ooola&t with tho radioaotiro 
*atorlal f to that ahiolding of tho olroulating uymtrnm 
would bo nooouoary* 
3« Tho soot oorlouo aouroo of troublo to bo oxpootod woo 
mam tort of failuro in tho Pilo itoolf • Cooplotoly 
•atiofaotory operation oould bo obtainod only if tho 
graph! to Pilo naintalnod its otrttoturo during tho 
aouroo of tho run* Thero woo tho pooaibllity that 
thoraal or weohnioal atrooooo* and oroaion or oor- 

rooion would eauoo a shifting of tho graph! to # Thii 

■ 

would onoraouoly eoaplioato t if not provoot* 
•uoooooful unloading of tho unit, and probably would 
prorwttt roloadlng of tho units Tho danger of owr- 
boating would alo# bo oorioun* Thio niglrt bo a gonoral 
ororhoating of tho Pilo duo to a failuro of tho oon- 
troloto oporato proporly, or a looal oror boating duo to 
faulty distribution of ooolaot in tho unit* Failure of 
tho aaohanioal oqulyoat uood in handling tho radio- 
aotlro aatorial would alow bo a poooibility, but it 
woo boliovod that if tho problowo of oal attaining a 
rigid graphito otruoturo and of prrrvnting o r or boa ting 
of tho unit oould bo solrod ouooom fully, tho took of 
doolgning praotloablo noohanioal dorlooo for thio jwr- 
pooo oould bo aooooplishod* 
6~5« Early Conoldoratlono + * Aftor oxaaining tho principal 



factor* affecting plant design, i*s», cooling* offioisnoy, safety* 
and speed of construction, tha "Feasibility Report" (Saa App # C 4) 
suft^ested a number of ?oe slbls Plla types* These types were* la 
ordar of preference! 

lm a« Ordinary uranium metal lattioa in a graphite 
moderator with helium cooling* 
b. Tha IKM| with watar cooling* 
o* The same, with saltan biiauth cooling • 
II* Ordinary uranium metal lattioa in a heavy-water 
moderator* 

III* Uranium •nriohad la uranliae»235 using graphite, 

heavy watar , or ordinary watar aa a taodaratcr* 
Sech of these possibilities waa discussed aa to power output and 
plutonium formation* Plant principles and design vera outlined* 
Types II and III were of no lmaediate interest since neither e nriohad 
uranium nor heavy water was available in sufficient quantities* De~ 
velopnent of these two types continue d 9 however , since if no other 
type proved feasible, they sight have to be used* Accordingly* design 
principles ware drawn up* 

a* Ur ani io»-IIc avy-CTator Plant* - Although the nuclear 
properties of heavy hydrogen were not sufficiently well known in 
lovember 1942, it was certain that heavy water would be superior ta 
graphite as a moderator* As a preliminary estimate it appeared that 
an experimental Pile could be designed with a heavy watar volume of 
about 1000 gallons and using approximately 1*6 tons of uranium* Tha 
slse of the chain-reacting unit would be mioh smaller then that of a 
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uranium-graphite pile since the reproduction factor would be ooosidffr- 
ably higher. It m evident that the diaeipation of hoot would in- 
troduce difficult ieo« The innar temperature of the uranium lumps 
mould soon rlM far above 690^ Centigrade shleh w considered * safe 
upper limits One device considered mould hm involved co rn s tant ly 
rowing part of the metal mad returning It into the Pile after hanr» 
ing cooled it dcmm outside the Pile, requiring muoh larger amsunte of 
metal than the 1*6 tone siven above, HI cooling media need with a 
graphite Pile could be considered for a ho a t j wat er Pile* Molten 
bismuth would preeeut diffioultiee ae a coolant because of the 
chemical decomposition of "deuterium** compounds at the temperature 
of hot bljnxth* Eater could be satisfactorily ueed by increasing the 
heavy water volume to approximately 2000 gallons and the uranium 
charge to 7 or 8 tone* Helium siomsd moot promising since it would 
dearease the multiplication factor by se little* It wee evident, 
furthermore, that all the above sobamce would require considerable 
engineering development. To thie # and the difficulty in obtaining 
heavy water • would have to be added the chemical decomposition of 
the heavy water idvioh would have to be counteracted in some way. 
On the other hand, the principal advantages of a hsavy-«ater Pile 
would be the ollminatlom of graphite, the higher mltlplioatien 
factor, and the email sise of the unite • 

b, garlcheA^ftraniuaB Po w er Plant » » Since the maintenance 
of a ohain reaction depende almost entirely on the preecnoe of 
uraniuso-236 and plutoniu»»2S9 which readily undergo fission with elov 
rattrone* it was natural that the poeeibilitiee of a plant using 
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metnl enriched In uraniu»»2S5 or plutonium-239 should be considered* 
In ceneral* an enriched power plant would be very ma oh acre flexible 
from an engineering viewpoint than an unenrlohed one* The reason 
for this ie that enrichment would increase the neutron multiplication 
faotor by an Mount dependent upon the percentage of enrichment* 1 
consequently* the design of the Pile oeuld be simplified without 
reduelng the reproduction faetcr bo low the critical value * For 
o sample* the else of the Pile could be reduced* greater quantities 
of coolants could be used te extract heat, and larger spacing* bo- 
tween the lattice elements could be pr grided* It was clear that 
enriched plants would be Inpertant an concentrated sources of high 
power* but there wae soms question as to the speed of production of 
plutonium* beoeuee* as the enrichment was increased* a relatively 
s nailer percentage of the neutrons from the fission of natural 
uraniu»£M would be used in the actual transsudation process* Since 
heavy* uniforn enriohaent would not be conducive to large ohenioal 
outputs* two alternatives were oonsiderod* All of the enrichment 
oould be oonoentratod in a snail seed in the middle of the Pile* or 
a low uniform enrichment oould be used to sake the chain reaction 
proceed in a Pile which was on the verge of operating by Itself* 
The first alternative presented two difficulties i first* meet of the 
heat would be produced in the snail seod and it would* therefore* be 
hard to ooolj secondly* the enriohaent in the seed would bo burned 
up too fast in comparison to the amount of plutonium produced in the 
naterials outside the seed to make the plant a very efficient 
chemical producer* Whichever of theee alternative was accepted* 




it wu evident that plants using uranium enriched in the 286 isotope 
oonld not bs built unlsss mxoh larger amounts of uranium»2Sf or 
plutonlum-289 wars wads aval lab la quickly* Something liks 40 pounds 
of uranium* 2 86 or plutoniu»-£J9 would bs r squired far each Pi Is* 

Om Uranium Hexaf luorldo-Coolod Plant # - Although nsTsr 
osrrisd bsyond a design suggestion, ssrious consideration was given 
to "uranium hexaf luaride"* oooling as a modification of ths snrichod 
uranium plant* Ths feasibility of suoh a Pi Is would dspsnd upon 
ssroral important eondltions, suoh as ths Talus of ths reproduction 
f aotor of a uranium metal-uranium hexaf luoride system or a purs hexa- 
f luorids system, heat transfer conditions, and the availability of 
uranium hexaf luoride as a coolant* It fM doubtful whether a plant 
with hexaf luoride solution, acting as its own ooolant, and no uranium 
metal, would bs fees ibis* Although ths chain reaotion could be main* 
tained with pure hexaf luorids, ths sise of ths plant would become 
excessive. Dssign would hare required some 1700 tubes In a cylin- 
drical graphite moderator weighing about 760 tons* Appr oximats metal 
requirements would be of the order of 60 tons and a total of 180 tons 
of hexaf luoride would be required in the circulatory and Pile systems* 
Since about one-half of the heat generated would be in the liquid 
itsslf and sines ths metal tubss would not be very thick, the heat 
trans for problsms would be comparatively simple* The output of the 
Pile would be limited ohief ly by the pumping power whioh would hare 
to be provided to circulate the hexaf luoride* As far as ths avails* 
bility of uranium hexaf luoride was concerned, several companies had 
had experience in its manufaeturs, so that it appeared that it could 
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ba olaaiifiad &• an ayailabla Pila material* 

d. Holt an Biawuth-Coolod Plant . • Mo 1 tan natal plant ■ ap» 
paarad to ba auperlor to gaa-ooolad or liquid-ooolad plaata in tha 
■attar of high powur outputa, and, accordingly, tha rata of produc- 
tion of plutoniua in iuoh planta would ba high* Tha aatinata of 
tha powar oat pat par ton of uranim for a aatal-ooolad plant waa 
5000 ki lowatta 0 whila thoaa for tha gaa~aoolad and liquid-coo lad 
vara 1700 and 2600 ki lowatta par ton #l raipaatixaly. Howavar 9 it 
waa baliavad that tha taohnieal problawa inrolrad aaald not ba 
•olTad for a lone tiaa* It waa propoaad ta maintain a chain ra- 
aoticm in a cylindrical graphita Pi la 28 faat high and approximately 
SI faat in diameter* weighing about 1000 tona and containing about 
160 tona of uranium in tha font of uranium oar bide* Thia graph! ta 
Pila would ba enaloaad in a haraatiaally aaaled aontainar fillad 
with helium at normal preeeura* Liquid biavtth would antar at tha 
top of tha Pila having a tamper atura of about 300° Cantigrada and 
flow through groorea or boraa in tha graphita from top ta bottom 
undar tha nation of grarity, laaring at tha bottooi at about 600* 
Cantigrada. Tha ur anion aarbida would ba praaant in tha font of 
aggragataa waighing about 4*6 pounda* thaaa aggragataa raating ooa 
on top of tha othar in rartioal colnsxa through tha Pila* Tha 
pumpa lifting tha liquid bismuth about 53 faat would raquira about 
7000 kilowatta of powar. Two poaaibla daaigna for biamuth punpa 

■ 

wara conaidared* Ona would ba a oantrifagal pump and tha othar an 
elaatrodynamla type, wharain tha liquid biaauth would flow through 
tha annular gap batwaan a ataal tuba and an iron oora undar tha 
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eleotrodynaaic action of windings which would be on the outside of 
the steel tube* At the bottom of the Pile a heat exchanger was to be 
provided in which the heat would be transferred to a bisimith-lead 
alloy baring a melting point of 124° Centigrade. This alloy would 
then be pumped outside the Pile and would transfer its heat to waters 
It was proposed to control the Pile by means of automatically regu- 
lating the amount of a bis with- lead- tin- cadmium alley in the Pile by 
use of the above-mentioned eleetrodynaole pumps* 

e. Helima»Coolod Plant. - lone of the possible designs 
discussed in the preceding ■actions ever passed the research stage 
for one reason or another. In lovember 1942 , as mentioned in the 
"Feasibility Report # " the helium-cooled plant was the first choice 
of the Metallurgical laboratory because it was believed that the 
design of such a plant could be carried through more quickly than 
that for a liquid-cooled plant. Hhen & Pont entered the picture 
(See Tol. 1), it accepted the proposal of a helium cooled plant. 
The lletallurgical laboratory submitted to the du Pont Company a pre- 
liminary report. So. CK-277, dated September 1942 (See A pp. C 5), 
for the design of a helium-cooled plant. After further study of 
this report and modifications suggested in report Mo. CE-S24 (See 
A pp. c 6), the Brims Contractor decided in favor of a liquid-cooled 
plant. The reasons for the change were numerous. Those most often 
motioned were the hazard from leakage of a high-pressure gas 
coolant carrying radioactive impurities* the difficulty of getting 
large blowers quiokly, the large amount of helium required, the 
difficulty of loading and unloading uranium from the Pile* and the 



relatively low power output per pound of uranium natal. These con?* 
siderations had to be balanced against the peculiar disadvantage* 
of a liquid-cooled plant* involving the large neutr on-captur e cross 
lection of a liquid coaspared to that of helium* the increased coa- 
plexity of the File itself » and the dangers of corrosion. The de~ 
sign of a helium-cooled plant, as taken from, the above-mentioned 
report! and summarised in the "Feasibility Report was as folios* i 

(1) Reacting Unit and Shell . * The "reactor** proper 
would consist of a roughly cylindrical vessel approximately 90 feet 

high and 37 feet in diasster. Inside of this vessel the graphite- 

■ 

uranium lattice would be arranged in the form of a cylinder, 26 
feet in height and 28 feet in diameter. Additional graphite would 
be Included inside the reactor as a reflector for retaining stray 
neutrons within the unit* The vessel itself would be built up of 
spherical segments affording soms economy in steel consumption. The 
lattice arrangement originally was fixed so that there would be 11 
inches between adjacent rows of oolumns in both horixontal directions # 
as well as between adjacent layers of uranium lumps. In order to in- 
crease the amount of uranium in the Pile* these dimensions were 
changed to use a non-cubic cell having one eide of 11 inohes and the 
other two sides of 9 inches » one of theie dimensions being the 
distance between adjacent uranium layers. This would probably re- 
quire about 126 tons of attal and approximately 1500 tons of graph- 
ite. 

(a) Uranium Elements . - It was planned that 
the uranium metal would be in the form of flat plates spaced apart 



Arcn one another fcy Inge cart integral with the pla&ee proper. 



Tho platoo oonpr icing eaeh olenont mid than be placed in graph* 
ite cartridge* b« lowered into the vertical cobra through the 



Pile* allowing the heliuaa coolant to paae upward through the ele- 



(b) Control Mechanise* • - Tho r Motion woo Id 
bo controlled by scan* of rode, probably of wild oteel* which could 



»ed into tho Pilo to a Cuff iciest diotanoo to abicrb 
oeutrooe. Iheoo rods ooald bo ooolod by tho helium itoelf and 
would bo actuated by a ooatrol aoohanlcn vhiah would reepond to 



cafoty rodo would bo provided which would foil into tho holoo in tho 



Pilo in tho event of powor failure or eaooooive neutron deneity* 

(o) Pioehargo Meohanlon. - Ihon tho reeetioa 



doted* o olidinf trap door at tho botton of oach oolm would 
permit tho oartridcoo with thoir uranium lunpe to drop into a 



conical receiving oootion bolov tho Pilo proper* 

(d) tadiation Protootlon. • Tho problem of 
radiation from tho Pilo wao to bo not by building a concrete ohiold 



of ono foot thioknooo around tho sholl and filling tho intervening 
apaoo with wator which woald cover tho top of tho oholl to a depth of 
eight foot* An internal radiation ohiold would alio bo provided In 
an attempt to wake poeeiblo tho reloading of tho unit after o capiat- 



ing a run* Thio shield would bo oompoood of throe feet of "carbon** 



* 



and 1C inohoo of rtcel, rooting on a l/t-iaoh oteol floor # 

- 

(2) Cooling Syt— » - Tb» important ualta im th» 
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circulating systsn would be the gae coolers, the gee cleaners, and 
the after coolers* The coolers would reduce the gee temperature 
from the Pile exit value of 800* Fahrenheit to about 120° Fahrenheit! 
the cleaners would remove the graphite duet and a part of the fission 
produots in the gas§ and the after ooolers would reduoe the temper a- 
ture of the gas, after compression, from 160° to leee than 12</* 



Fahrenheit. The ooolere would consist of shell and tube heat ex- 
changers in which helium would pees through small tubes surrounded 
by circulating cooling water* Removal of the fission produots would 



hare been accomplished by passing the gas through activated eharooal 
which would have been discarded after it ha4 become saturated* All 



unite in the external system would have to be protected by radiation 
shielding* This would consist of concrete walls, three or four feet 



thick, or of earth shielding* Radioactive gaeee leaking from the 
system would be disposed of ***** of a tall stack and dilution 
with air. 



return the helium to the required inlet pressure* For this purpose* 
centrifugal compreesors were designed since the compressors should 
be oapable of operating for extended periods without serrlolng or 
eloee attention* and should not oozrtaminate the gee with oil* This 



products would be deposited im the compressors and make it impossible 
for an operator to approach the compreesors* 

f * Liquid-Cooled Plant* - Baring deoided in favor of a 
liquid-cooled plant, the Hetallurgioal Laboratory submitted to da 



* 







Pont a preliminary process design of a liquid-cooled poser plant 
producing 500,000 kilowatts. This suggested design is the subject 
of report Ho* CS-407* dated 9 January 1941 (See App* C 7), and 
proved extremely olose to the final design adopted by the Prime Con- 
tractor. 

(1) general Description of Pile (See App* B 1)» - The 
Pile would be of the horizontal type—* large 4rum* in effect, lying 
on its side and supported in a graphite cradle formed by filling in 
the lower corner spaoee between the cylinder and the enclosing paral* 
lele piped with second class graphite or other suitable nater ial * 
The active cylindrical Pile would be fo r me d of first class* high 
purity graphite formed into blocks 8-3/8 inoheo square by 50 inches 
long* with all edges chamfered l/i inch. Bach block would have a 
central hole throughout its length to accommodate the aluminum 
tubes. The rods and tubes (about WW in number) would be disposed 
in a square lattice arrangement with their axee all horisental and ' 
parallel to the axis of the graphite oy Under* The square lattice 
spacing would be 8*S/8 inches* center to center harisontally and 
Yertioally, with the rode and tubee grouped synmstrioally about the 
center of the Pile and located within the geometrical boundaries of 
an one losing oy Under* The holes in the graphite would be lined 
with freely inserted* ribbed aluminum tubes. The uranium would be 
in the form of rods about two foot long* oorcred with an aluminum 
tube or sheath dram tightly orer the uranium* Surrounding the Pile 
would be a gas tight shield* the ends of the shell being large* 
continuous* welded plates* baring holes opposite ths holes in the 




graphite, and special nipple* t welded gas-tight to the plate la the 
field, 10 u to he directly centered with tho ho loo in tho graphite* 
Tho Pilo would bo completely surrounded by shields* Tho shielding 
medium for tho oldoo and top mould bo water retained in a o oner e to 
tank in which tho Pilo would bo immersed* At tho enda of the Pile, 
tho shields would be sectional, inter looking steel tanks containing 
water and graded iron or stool shot* Tho tanks would eaeh bo 
dirlded by a partition, parallel to tho tube sheet, to separate tho 
water in tho tank and prevent water ciroulation within the tank 
from carrying any dissolved radioactive water iala from tho Pile side 
of tho shield to tho outside faoo of the shield. In addition to tho 
shielding tanks, a separate shield would be required at the water 
outlet end of the Pile, where tho rods would be ejected, to protect 
against gamma-ray leakage nhile the rods wore being puoho4 through 
tho tube extension between tho shield end the coffin (See Par* 5-T)# 

(2) Description of Cooling System, - After leaving 
the Pile at 2* Fahrenheit above its boiling point at atmospheric 
pressure and at a pressure of about 20 pounds per square inch, the 
water would pass through a throttling valve to rodneo tho pressure 
to near atmeepherle* Part of tho water would vaporise, west of tho 
•hydrogen** and oxygon being carried in the water vapor* Tho vapor* 
liquid mixture would them pass into a flash tank whore it would bo 
sprayed from a header pipe* This tank would bo about 22 foot in 
diameter and 40 feet high with conical tops and bottoms » Water 
from the spray header would fall into the tank through a five 
foot spray space, and then pass through tho filter, located 80 feet 




below tin surface of the water 1b the tank* The stea^hydrogeiftp- 
ozygcn mixture which would font 1b this tank would pass off through 
aa opening in tho top of the tank to a flash tank condenser, whoro 
tho wator Tapor would momtlj condones and nut back Into tho flash 
task* Tho regaining gasec, hydrogen, oxygen, and soao wator Taper , 
would then bo diluted with air to bo low tho explosive Unit and 
pass to tho was to stack* This staok would bo equipped with an in- 
duced-draft fan. located in its baso and capable of handling 1400 
oubio foot per minute. The hot* degassed water from the filter 
would pass then through the heat exchanger bank, where its tempera- 
ture would be reduced to 95° Fahrenheit by counter current exchange 
against cooling tower water. These exohangers would be of the shell 
and tube type with the Pile water inside the tubes and the cooling 
tower water outside. The cooled Pile water then would pass to the 
Pile water pups, and return to the Pile. Theee praps would have to 
have a combined norael capacity of 28,700 gallons per Minute. The 
proposal was that eight puwpe be installed, aagr «ix of which would 
be capable of carrying the norwel load. The cooling tower water 
would enter the heat exchangers at 85° Fahrenheit end leare at ISO 0 
Fahrenheit, pass otot the ooeling towers and enter a pit beneath 
thoa froa which it would be pioked up and recirculated through the 
heat exohangers by the cooling water puwpe. Air would be blown 
through tho cooling towers by notor -driven fans, and the evaporation 
of the cooling water into this air would cool the water froa ISO 
te 86° Fahrenheit. 

(5) Sectional Model of Pile (Sg). - To ainiadse any 



5.20 





riek of delay through inadequate doeign, faulty or iapoeeible 
aaeeably, or other unforeseen difficulty, a 16-tube eeotion aoekup 
of the Haaford Pi la vae designed and oonetruoted at Clinton Labora- 
toriea (Saa Yol* 2)* Here, graphite aaohinlng vaa provad on a 



praatical baa la, graphite laying proeeduraa vara dere loped, e hi eld 
aeeeably prooedure vaa eetabliahed, and preeieion neaaureaeats vara 



taken to foreeaat the allowanee for aaohining toleranoee, expansion 
off eats* loading teehnique* and other faotoro* 

5-6. Deelgn Jltoraatoo and Doelaloao (See A»p» C T) , 



a* Coelaata* - The daeiga of the Pile aa dravm up hj the 
Mrtallurgloal Laboratory provided for two poeaible ooelanta, either 
one of vhioh ooald be uaed vitk only a] nor ehangee te the plant* 
Theee vara vater and dl phenyl* a eolorleee liquid above 166* Fahren- 
heit baring a high theraal eoad a etlvlty« 

(1) Water Cooling* • Teete performed to determine the 
oorroeioa of alnainua by vater under radiation condition ladiaated 



that aa ararage loaa of leae than 0.004 inah thlckneaa of alualnaa 
would reault Tram 100 days of operation at the rated power IotoI* 
The reenlta vith vater inhibited againet oorroeiv* action prored 
sore eneouraging* Therefore, it vaa not indlaated that a failure of 
the tubeo ahould be feared* The oheaioal breakdown of vater under 



radiation would offer no eerioue problem beoauee vater oeuld be 
eaaily replaoad and the produota of diaintegration (hydrogen and 
oxygen) eould be eaaily elialnated* 

(t) Dlphenyl Cooling* • The only oonetruotion ohange 
that would be neoeeaary in the Pile proper la going flroa vater 
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cooling to diphenyl cooling would be to increase the thiokneea of tho 
annular space fro* 0.086 inch to 0.158 inch. Tho diaadrantagee of 
using diphenyl aa a coolant maid bo aa follows t 

1. Tho temperature riao would bo about the aaae 
aa with water. The higheat temperature in 
the natal would be near or above the maximum 
allowable temperature, so that* if tfaia were 
a limiting f aotor, the plant output would be 
smaller with dlphexqrl. 

2. Diphenyl would offer the problem of ohemioal 
breakdown under radiation* known aa "poly* 
marisatien.** This breakdown would oonaiat 
essentially of a change in the molecular 
weight of the di phenyl (say 520 instead of 
150). 

Advantages of uaing dl phenyl would be aa follow* • 

1. The temperature riae in the coolant would be 
about the asms aa with water. 

2. Since dl phenyl ia not a conductor of eleetrioi- 
ty» no eleotrolytio action would have to be 
feared. 

S. The elimination of corrosion due te di phenyl 
could be effeoted more eaaily than in the 
eaae of water. 

4. The increased annular space of 0.158 inch 
thiokneaa would bring about the asms loaa of 
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reproduction factor aa that due to 0*086 inch 
of water. 

From the engineering standpoint* the question of di phenyl versus 
water in the external system would sees to be better answered by 
choosing diphsnyl* However* the use of di phenyl would create a 
few new problems* First, the radiation would cause polymerisation 
of the dl phenyl* probably with the liberation of hydrogen. The ex- 
tent of polymerisation was not definitely known at the time* A die* 
tillation unit of reasonable site would probably effeet the separa- 
tion of the higher polymers from the solution so that the purified 
diphenyl could be returned to the circulating system* A means of 
removing the dissolved hydrogen could probably be designed if the 
erosion due to the gas was found to be too severe. Secondly, if 
diphenyl itself were used* soms free sing up in the external system 
due to its high melting point would have to be ezpeeted unless it 
were guarded against* Finally* it seemed likely that a diphenyl 
plant would require about 10 to 18 per cent mora pumping power as 
well as more process steam* than a water plant* For these reasons 
water was aooepted as the bast coolant and all future discussion con- 

■ 

corns water-cooled units* 

b* Methods of Cooling* - Two msthods of cooling presented 
possibilities between whioh a choice had to be made* 

(1) External Cooling* * By far the more practicable 
from a design and engineering point of view, but with some doubt 
from the viewpoint of xmolear physios, external cooling would con* 
sist of passing water under pressure around and along the uranium 
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rods* between ths rods and tho tube. A sodif ication of external 
cooling, double oooling* maid bo to ass hollow artaira rods with 
ths liquid flowing insids as wsll as outside tho rods* This would 
allow high power levels* but because of the exooaa wator there was 

sons doubt as to whether a shala reaction oould bo sustained. 

■ 

(2) Internal Cooling . - Hero the oooling liquid 
would flow through a lined, uranium tubs inserts* loosely in ths 
graphite* This type of oooling* howerer* would present design and 
construction probless wash sore difficult of solution than thoss en- 
countered in ths external type of cooling* Ths greater expansion in- 
troduced by ths hot tor graphits* ths sore difficult uraniua handling* 
and construction would be a few of the obstacles that would asks in- 
ternal oooling less attractiTS than external oooling* Ths only 
farorabls aspsot of internal cooling would appear to be frcm ths 
standpoint of sxosss reproduction factor* das to ths hsating effect 
of ths graphite* A modification of internal oooling considered ±m» 
rolTsd ■o-esllsd annular oooling* in shiah a solid uraniun bar would 
be centered in the larger* hollov one* with ths cooling fluid flow- 
ing between thsa* 

■ 

e* Horlgontal and Tertlcal Piles* • A Pile Is referred 
to as Tertlcal or horisontal according to the position of the rods 
and tubes* A horliontal axis would hare the following adrmntagee 
orer a rertieal axis and was therefore selected for design* 

1* Easier to construct and operate* 
2* Horizontal tubee would require only two ribs on 
which to 1st the rods rest* The Tertloal tubes 
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would require three ribs to act as apaeera* 
which would gire leee play and acre likalihood 
of binding* Thia would probably bo tho 
greatest adrantage* 
Tho Tortioal tuba would hare tho benefit of gravity water flow at re- 
duood or zero preii urea • 

d* Rodo # * The graph! to lattice, aa originally conceived, 
would hare consists* of luape of uraniua seta! intereperaed throughout 
tho graphite in a regular pattern* Too difficulties would arieo la 
tho operation of auoh a Pile* It would bo alaoet iapoeaibls to r— ui c 
tho proeoaaod astal without disssssanbllng tho File* Secondly, coolant 
would hare to bo conoontratod around thooo luape. Thia would involve 
certain design problem* It was obrioue that if tho uraniua could bo 
ehargod into the Pile in the form of rods parallel to tho aads of tho 
cylindrical Pile* they could bo charged end discharged without reaor> 
ing any graphite* The design of a cooling ays tea would bo aade 
aiaplsr by adopting auoh a aeheao. H o so iei , there waa soae doubt as 
to whether a chain reaction could bo sustained with auoh a lattice. 
Throe difficulties existed in following through with this type of 
design. First of all, diaoharging and charging* though easier than 
with a point lattice, would still bo extreaely difficult* There 
would also be the danger of long rods binding and warping in the 
tubes and the problea exiated of deeignlng a ataxia of cutting off 
the rode, piece by piece* by roaoto control as they wore being dis- 
charged* If the rods wars unloaded without cutting than off* in- 
ordinately long casks or coffins would bo required for their tranefar 
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to the Separation Area* A second difficulty foreseen lay in the fact 
of uneatisfaetory bonding of the »VrHmni sheath mad tha long uranium 
rod* in ordar that tha intanao haat develeped in tha active natal 
oould bo removed into tha coolant stream* A further difficulty lay 
in tha fact that a long rod would not land itaolf raadily to die* 
solving at tha Pi la site* From a inelear phyaiea point of vic% long 
roda would ba desirable ainoa more uranium would ba present in tha 
File* Long roda would alao perait a nora nearly otroawllned flow of 
water and would eliminate tha poaaibility of eorroaicn at tha anda of 
segmental roda* But flrom tha point of rlew of "earning" and handling 
tha uranium* it waa daaidad that short roda of arbitrary length 
should bo deolgned* A length of approximately two fleet waa agreed 
upon* With roda of thin length* handling would be wade eeeier* and 
yet the amount of uranium in the Pile would not ba toe low to prevent 
production at the rated power level* Thia length waa later reduced 
to eight inches • 

e* Rod Spaaing in the Pile* • Sinoe there waa no prefer- 
ence in lattice geometry from the standpoint of nuclear phyaiea* a 
square lattice a pacing of roda waa adopted beeauee of ita easier 
adaptation to c one true t ion of tha Pile shielding* piping* and valve 
arrangement* 

f . Spacer gibe for Roda* - A suggestion had been put 
forth that the spacing ribe be put on the outaide of the uranium 
rod sheath. Sinoe the tube would be relatively thin and subject 
to wear aa roda were inserted or withdrawn* it appeared dee ir able 
to have the ribe on tha tube to take the wear and save the tuba 

_ 
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Iteelf. 

g. Hoaonral of Rode from. Pile. • Since gripping a snail 
rod la a snail tube In ordtr to pull it oat would hare presented a 
problen* anl ilnct, If each rod ware —do of several independent 
segments, the proooM of "fiehing* through ft long* saell-diaaetar 
tube, gripping * lagwnt, and withdrawing it # repeated about torn 
tiaoe for eabh of hundredo ff taboo would havo presented aa u»- 
plaaaaat pleture* tho palling of rodo wae abandoned aa a pos- 
sibility for Pile design* la faror of pushing thaa oat* 

h. Boplao— rt of Ur la tho Pilo with Solium, m 9y re- 
waring tho iaparitlea of air* with thoir large ns u tron^ oe pt ur o croao 
■ootiona # aad replacing tho air with ho U too* baring a negligible 
oroao section, aa iaoroaao la roprodaetioa faotor woold bo effected. 
It wao thought boat that thlo bo aeeoapliahed by a ai^lo gravite- 
tioaal dlepl ae sao n t» with or wlthoat tho aid of aa internediate 
displacement by oarboa dioxide, roqalrlag only a gaa -tight shell 
arocuri tho Pile, rathar thaa evacuating tho air and than lottiag la 
helium, aeooceitating a shell oapablo of withatandlag aa ataoaphara 
of external pressure. 

1, Shipping tc tho Soparatloa Area, - Sorer al pea* 
oibilitioa woro oonaidarod la tho doaiga of a suitable —ana of 
transporting the irradiated aegaanta to the Soparatloa Area* Die- 
solving the rode at the Pile site would introduoe the problem of 
diepooing of largo volnmae of liberated gaaee containing *xenoa"* 
and other radioactive si omenta and then pumping the solution and 
fiaaioa products over a oanalderabla distance. Siaoe the Soparatloa 
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Area would already have the equips* net designed te safely handle the 
xenon and fission produote* it appeared more favorable to send the 
ooated segments to the Separation Plant aa solid rods* 

5-7. Pile Design Problems and Solutions (See A pp. C T| t - In 
the diseussion of corrosion* life of parts* shielding, control rods* 
and other parte of the Pile, it met be pointed out that the im» 
portent consideration mse the Immediate production of plutonium and 
not the later construct ion of a plant for long tine power production* 

a* Chomloal and Kleetroohenioal Corrosion of Pile 
Materials under Radiation* * Sinoe uranium ie readily oxidised* it 
was neoessery that it be protected from the water by a sheath or 
oeating* This sheath would alee serve to keep the flee ion produete 
from contaminating the coolant* Also* for the external type of 
cooling* a lining tube mould have to be plaeed in the graphite. 
Uth water ae the ooolant* theee tee (the sheath and tube) would 
have to be of the same material or of two materials oloee together 
in the "electrochemical eeriee"* te suppress electrochemical cor* 
roc ion* Of the few suitable materials which alee are not attacked 
appreciably by hot water* the moot promising mere* in order* be* 
ry Ilium and aluminum* Ihile the former mac more decirable alee for 
its hardness and reeictanoe to wear* the limited supply of be* 
ry Ilium available plus the lack of coBsasroial development made alu- 

M 

milium with ite more extensive oomnsroial prodnotion and development 
practically the only alternative* until suoh time ae berylliums 
aluminum alloys could compete with or surpaes aluminum* or unless 
further corrosion teste should prohibit the use of aluminum and 
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foroe the derelopaent of beryllium or borylllrrm ilumlmm. A eeeond 
danger point for elootroohom 1 rial oorrooion mi at the jane t ion of 
the alnwi rmw and the eteel ahioh would oompriee pert of the water 
oooling ay* tern outeide of the Pile* Teete on inhibitor* and oer- 
roeion. h o we ver * indicated no great danger from eorroeion at theee 
junetiono* if proper precautions were taken* 



required for the Pile* All ahielde woald have to be adequately 
oooled to eliminate the differential thermal expaneion probleme* 

(1) aide Shlelde* - Theee oould be of the eimpleet 
type aueh ae a water tank around the Pile* 

(2) Bad Shielde* - Theee ahielde would hare to be ae 
thin ae poeaible, and permit the ineertien or withdrawal of rode 
without permitting the eeoape of the helium at aiqr time* They ahould* 
hovexer, be adequate to permit the proximity of workmen dnrlnf Pile 
operation* abeorblng feet and flow neutrone and primary and eeoondU 
ary guna radiation* Since water or eonerete alone would require ee 
thlok a ahield* a a hi eld oompoeed of iron a hot and water in tank* 
oould be ueed. 

(8) Ihloldlng during Retrral of Rode* - k ehield 
would haTa to be prorided to proteot againet the lateral gamma r ay 
leakage ftrom the rode during withdrawal through the una Molded epaee 
between the Pile end ehield and the eoffln* Thin would haim to be 
eaey to open at any point for aooeee to piping* 



radloaetirity of irradiated eegmente and the natural radloaotirlty 




e* Coffine for Handling lode* •> Beeauee of the ixrtenee 





of unprooossod uraaitns* it m ossontial that ion ass as of handling 
tho rods bo dosignsd* 

(1) Charging tho Pilo. • Tho ooffln or ohaabor usod 
to hold a now rod to bo inserted into tho Pilo maid not mood to 
have a oooling system of its own. It would uoroly aood adequate 
materiel to shisld against gum rays and a seal to prevent leakage 
of water tram tho Pilo daring tho insertion of tho rod* With 
slnal time sheathed rodo thooo proeautloos were found uxmeoeeeery* 
■inoo tho aluminum sheath provided sufficient ohiolding to rodooo 
gim radiation to safe levels* 

(2) Discharging tho Pilo, • If it wee dooidod that 
tho new rod should bo used to push out cm active rod from tho Pilo* 
no othor ooffln would bo noodo d at tho entry and* If tho active rod 
mare to bo reacted without replacement, a taper ate flexible or rmt*> 
rod plunger ia a ooffln would have to bo prcrridod* similar to tho 
charging ooffliu Tho ooffia for receiving tho discharged rod fires 
tho Pilo oould bo ono of several types depending on Pilo design* 
Tho typo p ro f or r od would oonoiat of a short osrtrldgo holding 
■sveral rod segments and mounted on. a saall oar* 

(S) Handling Oof fine* - At the Pilo si to, cartridge- 
typo coffins oould bo handlod * swell elevator tower on a oraao 
traversing tho faoo of tho Pilo* In turn, thoao oartridgoo would 
bo handlod on railroad ears to and from tho Vctraotion"* plant* 
ahore faoilitios would bo provided for dumping tho contents of tho 
oof fins into storags and solution rats* 

(4) Cooling Rods aftor Discharge* - Tho boot method 
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of cooling tho dii char gad rods while 1a tho oofflna m to alio* tho 
water In tho coffin to boil away* This would roquiro no worm than 



a roeerroir to replaoo tho wator as it boilod my # ▲ soeond any of 



performing thio operation wao to oiroulato wator in tho coffin with 
a pop and driro* roserroir, and boat exohangor* 

d* Control Roda* - Tho doaign of oontrol rods suitable 
for a ohein-reacting Pilo wao a problem of najor proportions. Al» 
though design of thooo rods waa not ooaploto at tho time tho attain 
lurgioal Laboratory submitted ita doaign auggoatlon to da Font* 
nevertheless* tho onginooring probloao woro already oloar. It wao 
believed that 9 roda would bo roquirodi 4 of thorn safety rods* to 
bo used for stopping tho reaotios oamplotoly in emergonoieej ons of 



then* centrally located* tho operating oontrol* to bo automatically 
moved by changes in tho neutron density} and 4 of then "shinning 
rods** to bo Manually adjustable and to serve to oontrol tho effootivo 

siso of the Pilo* 

(1) Safety Rods* - Tho safety roda woro to bo ao 
sigasd that they oould bo driven into the Pilo Tory quickly* by s 



other than gravity* such as a fast acting paouaatlo-driTing 
doTioe. Theae roda woro to bo dosignod to aot in rosponsa to tho 
following events i 

1* 5% too high neutron density* 
Zm Exoesslvs coolant outlot temperature. 
S. Failure of plant power supply* 
4* Bxeossivo radloactirity in tho coolant 
ia suing ftroa tho Pile* 



6*31 



5. Inadequate back-pressure on the Pile, 

(2) Slat of Control lode* • The rod would probably ba 
about four to six inch a a In disaster, depending on tha fraction of tha 
neutrone in tha PI la which It waa intended that tha rod ahoold aba orb* 

(3) Cooling af Control tod* • Thla oould boat ba ao~ 
ooapllshed with water » poealbly containing a dissolved "boron"* oo»» 
pound. Thla procedure would hate tha advantage that tha rod Itaelf 
oould ba wade of any structurally convenient naterial, ■ inoe the bulk 
of the neutron absorption would ooeur within the liquid itaelf* Con- 
naetiona to the cooling rod oould be aada by flexible octal hoae. 
The idea of using a boroa solution waa later eliminated beeauaa of 
the poeaibility of leakage Into the graphite caueing the Pile te 
oaaae operating. 

(4) Actuation of the Control led* - Thla would depend 
aoaswhat on whether the rod waa horisoatal or vertieal* The rartioal 
oaae would be a little eaaier fro» the engineering atandpolnt since 
no supporting horiaontal traok for the rod would have te be built in- 
to the Pile* In the vertical oaae the rod would either be suspended 
by a cable paasing over a wo tor-driven drum* counter -weighted and 
fitted with a stuff lag box, or it oould be hung from a vertical raok 
and fitted with a counter ~we i ght plnlon-goar drive and a stuffing box* 
In the horisozital oaae the raek-and~pinlon drive would undoubtedly be 
preferred* and the rod would have to travel on a graphite or water- 
cooled alunintta track in the Pile* Tho cooling solution probably 
would be introduced through a central tube running through the canting 
rod* and would return through the azmnlua to an external cooler* 
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»• Control of Helium through the Pile * - In or dor to de- 



tect mater leakage into tho graphite and to hasten its remoral from 
the graphite, it iu desirable to circulate helium in the Pile con- 
tinuously* This would require an external helium pur ifi eat ion* 
storage * and oireulation system* 



CT) • - The function of the external eye tea mas to oool the water 

circulated through the Pile and partially to remove from it the hy» 
drogen and oxygen formed in the mater under the strong radiation in 
the Pile* k number of cooling s chem e s mere suggested* 



1* Once- through passage of rmm mater * dieearding the hot 
mater into the eold stream from ufciok it mas taken* 
fcm sr eme objeetioafl to this prooedure eonld be raisod, 
among them the facts that the quantity of mater re- 
quired mould be a considerable fraction of the riter 
from mhieh the mater mould havm to be taken, that 
scale formation in the Pile mould undoubtedly occur, 
and that a Mating failure mould result in oontsm 
ination of the stream and thereby constitute a health 
hazard. 

2* Cooling of the mater after its passage through the 
Pile by pumping it orer a oooling tenser and thus 
evaporating a portion of it* 

3* Cooling of the mater after its passage through the 
Pile by oountercurrent exchange against mater* im 
turn oooled by passage orer a cooling tamer* 



5*8* Cooling System Design Problems and Solutions (See App* 
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4* Cooling of the water after its passage through 
the Pile by "flash vaporisation"* of a pert of 
it at a lover pressure. 
5. Cooling of the water after ite passage through 
the Pile by counter current exchange against 
cooling tower water , with the addition of a distil- 
lation colnn for removing the dissolved geeee 
from the hot water* 
Sohewo 3 wai geleeted for pre 11 winery design beoauee the engineering 
problem for suoh a system should hare straightforward answers* ade- 
quate Pile cooling should be prorided without the considerable amount 
of equipment required for types 4 or 5, and excessive water require- 
ments of types 1 and 2 could be avoided. 

a. Dissolved Pes Removal* - In order to avoid erosion by 
liberated gas, it was desirable te keep the dissolved gas oontent of 
the Pile te a minimum* However, in this case there was reason to 
think that no extraordinarily complete separation of the dissolved 
hydrogen and oxygen from the water would be necessary. Therefore , it - 
wae believed that a single flash vaporisation would be adequate* 

b« Radiation Shielding. - One of the attractive featuree 
of the water -coo led plant was ths fact that in its simplest con- 
ception the fluid would not become dangerously radioactive* As a 
practical matter, however , it would have been extremely foolish not 
to provide for the installation of substantial shielding* Earth, 
concrete, and water were the moot economical shielding materials and* 
since bulk was no objection, theee were to be used, although selection 
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of shield thicknesses wu difficult beoause therm was no good approaci- 
■at ion of tho uppor limit of the gamma ray energies to bo expected. 

o. Corrosion of Equipment* - Tho results of toots om 1020 
typo stool indicated that iom typo of oorrooioa preteotloa would bo 
neoeesary for stool of this kind* Sovoral pooolblo solutions of this 
oorrooioa problem were suggested. Thooo included* 

lm Use of inhibitors* 

2* Cothodio protection. 

3. Catalytic decomposition of "hydrogen peroxide*"* 
Consideration of tho foots after considerable experimentation lod to 
tho conclusion that a sodium phoophato and oodiua oilioato inhibitor 
and tho scrap iron reduction of tho hydrogen peroxide appoarod to 
off or tho boot probabilities for solring tho corrosion problsou 

6-9. Pilo (100) Aroas (final Design). - When it mas dooldod 
that tho prodastloa plants were to bo oonotruotod noor a largo supply 
of water so that once-through psssags of water could bo usod instead 
of recirculation* considerable change in design mas necessary, slap 11* 
fying tho design problems of a reeiroulation system* such ao gaseous 
vasts reaoral* cooling* and radiation protection* Tho Columbia Rimer 
site provided an adequate supply of cool* pure water. Ihoroas it mas 
originally considered safe to allow tho exit mater temperature to rise 
abOTO the boiling point of water , this toIuo mas later roduood to 130° 
Fahrenheit to prorrids a faster of safety • Consequently, the power 
level of tho Pile would hare to bo loser ed. Zach Pile Area mould then 
include a building containing a 250,000 kilowatt Pile complete with 
accessories and controls (See App. A 10, 11) I a oomplsto cooling water 
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1 system* a retention basin for effluent nt«r oontrolf a helium gaa 

purification building j service buildings for administration, ceeurity* 
fin protection* firat aid* oo— unloations*^ and maintenance | and a 
power plant* tha primary funetion of ahieh vaa ta maintain uninter- 
ruptad oparatioa of oritiaal prooaaa oqaipMnt (Saa App« k 8)# Thara 
vara ta ba thraa Pllaa similar la siss* eapaeity, aathod of operation, 
and control* Baaaaaa of tha neocesity of apaad in contraction* only 
Pi la Areaa D and F* oentaining tha second and third Pi lea ta ba ooat» 
plated, verc designed ta include refrigeration equipment ta oool tha 
vater during tha euancr* and only Pi la Aran D vaa ta ba provided with 
"deminerall sation"* cqulp—iit ta further purify tha vater* In ordar 
to protaat tha daainaraliaad vater ftrom oontaai nation* it vaa daoidad 
to uaa atainleaa ataal and rubber-lined vater piping and rubber-lined 

vater tanks* TMa feature vaa inaorporatad in tha design of Pi la 

•* 

^ Araa D only* Thin vaa dona in ordar ta prorlda every means poaaibla 

ta inaura continuity of operation of tha second Pile should initial 
operating diffioultiea cause abandonment of tha firat Pile* Thara vaa 
little doubt that farther experience gained Area operation of tha firat 
tvo Pi lea vaald indicate any additional* but necessarily delayed* 
featurea requisite for tha third Pile* Tha three cute tending 
ohareeterietioe of a Pile vhloh vare ta ba controlling factor e 
affecting every consideration in the arrangement and deeign of each 
Pile Area vereg 

1* The hazard to Ufa and health* prevalent daring opera- 
tlon, if leakage of radioactive gaaea should occur* or 
if shielding should fail mechanically, thereby ezpoeing 
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the area to radioactive emission* 

2. The amount of heat liberated at capacity operation plus 
the risk of a spontaneous rise ia temperature beyond 
controllable limits if pulaatione or Interruption* in 
oooling water flow ahould occur* 

S» The epeeifie materials of construction within the Pile 
and the dimensional tolerances dictated by the process* 
which would demand cooling water and all other water- 
ialo to bo of the highest attainable quality of 
snoh a ohsraeter that the absorption of essential 
radioactivity would be at an absolute praotiool 

Using the Pile Building as a mo lens, the location and arrangement of 1 
the other building* and facilities within each Pile Area could bo de- 
termined from the operating requirements and the topography of the 
cite. 

5-10* Pile Unite (Final Design), - Early start-up and reliable 
operation of the Pile Areas were of p ara m oun t importance. The wain 
process uni t in each of these areas was to bo the transmutation unit 
or Pile (800 App* A 12-14) • From the bcgiming* Pile design con- 
sisted of a series of difficult problems wherein ordinary materials 
wore converted into nltiple unusual shapeo* baring extremely fine 
dimensional tolerance for the site or mass involved* and requiring 

unconventional aasenbliso* careful planning* and diligent inspection 
of every minute detail. As the soar city of high-grade carbon eased 
somewhat* and in view of the problems encountered in designing a dome- 
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like Pllo (See Bar. 5-6)* it m teoiM to deolga a graphite 
structure (Sm 1pp. A 15 * Id)* apprexiaetely 18 foot ioop by 36 foot 
high by 56 foot vide* built up froa orer 100*000 graphite bero to bo 
bored to reoeive speoial minima* tuboo oriented ia a speoial pattara 
oa aoourato center c* retaining the original aetire cylindrical 
errangcaent far alnaiaua tuboo* Originally 1696 tuboo aero to bo 
incorporated la tho dooigu of tho Pile* loasrsr* after a square- 
faced Pilo had booa adopted* thio ouabor vao increased to 2004 ia 
riov of tho unpredictable possibility of looo of Pllo reactivity 
through foraetien of higjti •neutron aboorbcrs 11 * aneng tho flaoioa pro- 
duets. Thio aao a ftortanato decision because it poraittoi charging 
oxtra natal to onrcrsoas tho poioening of foot of flaoioa products 
which did occur and to roaoh and surpass tho ratod power IotsI (Soo 
Tol« 9)m Ifeaourlng aad control derieeo* dioouoood later* would re- 
quire othor opoaiago to bo provided ia tho horizontal and vortical 
directions • Tram a bus 1 ear physios point of riew* tho highoot obtain* 
ablo purity of all aatorialo of tho Pllo otruoturo wao ooooatial oiaoo 
tho aatorialo of construction would bo dhooon as to tholr loo neutroa* 
ebo orbing propertieo* Piano had to bo dram for sno losing tho Pllo 
with an laser thoraal shield consisting of a 10 Inch layer of coot 
iron blooko of special shapo and arranged to produce a continuous 
envelope* and aa outsido ^biological - shield* aore than 4 foot thick* 
to bo aado up of alternate layers of pressed wood (aaoonito) and 
stool* specially shaped and fastened to prevent the escape of glass 
rays* Special flexible seals aounted on the outside surfaoo along all 
end-block joints aore found no pessary to aako tho otruoturo leckproef 
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at a gu preesure of two pounds per squore Inch* The abort completed 
aaeowbly would constitute a omi of nearly 10*000 tone which would 
hem to be supported on e oonerete foundation espeeially deeigned for 
gee tightneee end provided with spool el piping inbedded In the beee 
of the unit* 'Jany fundamental aeehenioal developments* theref ore t 
were te dharaeteriao the evolution of the Pile design* 

a. Qraphlte Development* - It wee evident that the do* 
vole paint of toohirtquoo and toole for the nanipulatioa end preoielon 
neohlnlng of specially proooesod» hard* donee bare of graphite of 
whioh approadnately T000 toon (in finlehed fern) would ultinetely he 
out* bared* turned or shaped te a dlnenoional toleraaoe of O.OOOf te 
0*00*0 of en lneh would be a najor probleau Initial nanufaeture of 
the graphite wee expeoted te leave a oontaninated eurfaoe on eaeh 
ber whioh would have to be rowed during a preeiee naehining oper- 
ation* Freedon ftron oentenlntttion wan so vital te suooeeeful oper- 
ation that it wae neeeesary to devise or edopt speoial clothing* tools* 
supplies* and handling nethodsj and speoial training with constant 
alert supervision wae neeeeeary to insure satisfactory preparation 
of the material* The llnitatione on purity were eo rigid that re- 
oovery fron errors would be inpocaible* Having determined the neutron 
abeorption oapaeity end availability of several Moderators, graphite 
wee ohoeen for the Pile etruoturo beoauee of ita low neutron-capture 
eroee soot ion (See Vol* t) and einoe Indurbrlal produotion of graphite 
already wee very large* A snail quantity of an iapurity* sueh as 
boron* in the graphite night have sueh a high neutron abeorption 
oapaeity ae te render the Pile useleee for a nueleer ohain reaotlon* 
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Orders for the ipeoially~prooessod* high -dsns ity graphite used in the 
Pi 1m ware placed with the national Carbon Company and the Inter* 
national Graphite and Sleotrode Company, after ixnroetigation of 
several vendors dieoleeed that these would be the only fine able te 
produce bare of the ■ pee if led else* Sinoe the total prodnetlon 9 
field aaehining and installation ooets wore found to rary approximate* 
ly inversely with the else of the bare* ouoh study and experimental 
work wee neoeesary before the final dijseneione could be specified* 
Bxtruslons were made of rarioue eroee eectione up te eight inches 
square. Severer, it was learned by experiment that the density and 
uniformity of the graphite decreased with an increase in slsof and a 
cross seotion which, with a Minima amount of Machining* oeuld be 
finished to a 4-8/li inch square of high grade material wae accepted* 
Thle else else was practicable for the optimum 8-j/B inch spacing 
required as oaioulated from theoretical rraolear physios (See Vol* 2) 
for the aluminum tube pattern in the Piles, Since uniform production 
af the hi ghee t gr*de of graphite proved to be impracticable* it was 
decided that ftur different gradee would be acoepted in order te 
utilise ae much as pcesible of the produced material* These gradee 
were te be erranged carefully in the Piles* so that the highest grade 
should be near the center and the lower grades in the exterior 
portions* ae research had indicated this layout te be moot satis* 

factory for the prooeee (See &pp» k 17)* 

b. Aluminum Tuboo* - It wae clear that the development el 
extra long* thin wall aluminum tubes* accurate and uniform in dimea» 
sion* would be a rltal faotor in the design ae well ae the operating 



perforatum of the Pile. A north, unblemished outside surfaee* with 
an outi Ida diameter oontrolled to within 0*0010 of sa inch* in 
essential for installation la the Pile* Ribs were to be provided in 
the tubee to hold the uraniua rode or "slugs* ia audi a position that 
cooling water could be evenly distributed around the slug and to pro* 
ride a track oa whioh te slide the slugs* thue saving wear on the tube 
walla* There wee little doubt that the proeureaeat of these tubes 
would present aajor problem berth ia dsrolepaont of fatarioatioa 
asthods and ia astual production. Various vendors had to be eeataetod* 
aad aany different fabrioatioa soheaeo had to be considered aad teste d 
before theee uneoaventional tubes oould be produced within the e»* 
treaoly oloee toleranoee required* The oross~c*etlonal oenter to 
oeater spaaing of the uraniua slugs* whioh had been accurately do* 
terained* dictated the eaouat of graphite* alaainua* aad water allows 
able* The diaonsioos of the tubes aad slugs were predieated upon the 
total aaouat of water which oould be ia the Pile at axgr instant* and 
this aaount of water* ia turn* would be liaited by its neutron absorb- 
ing qualities | distribution of this aaad»a quantity of water aaang 
hundreds of cooling tubes would liait the mount of water present ia 
any oae tube at any instant and, ia ooabination with the flow required 
to dissipate the heat generated* would deteraine the cross-section of 
the annular spaeo* After dies had been developed with ahloh ths 
eross-seotional toleranoss oould be aaintained* it seeaed likely that 
difficulty would be encountered ia drawing a tube whioh would not 
spiral* It was clear that the straightnass and accuracy of such aa 
unconventional cross section, therefore* would require several 
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nontha of paraiatont dofolojwant. Aatually, tha Alwinutt Coopany of 
Ammrlompr roqulrod Mm nontha to obtain aatlafaotory taboo on a pro* 
duotion boolOp to fulfill tho roquiromaato for owar 8000 taboo for 
tho throo aroaa* A aooond* yot rital stop in tubo drvolopauat wao 
tho noooaaity of dovoloping now toohniquoa and too la, apooially do-» 
olgnod to azmoal, roan* and flaago tho tuboo in position^ with 
typioally oloao toloroaooo and uniformity* Aluaiim fabrieatora 
woro of tho opinion that throo ribo woro n noo o aary* In fact, it at 
firot aootwad to bo inpoaaiblo that tuboo with only two riba, ua» 
ayatrloally plaood* oould bo oxtrudod* W arn* ro rg tho Alwalmoa 
Company of Aaorioa waa finally ablo to oxtrudo taboo 44 foot Ions 
with two longitudinal riba in tho bottaa half of tho tubo* To ao» 
ooopliah thio it ana found noooaoary that tho thioknooa of tho vail 
of tho top half of tho tubo would hara to bo g ro at o r than that of 
tho bottoa half by 0#0110 inoh (ftoo App. A IB)* HowTar, an long ao 
tho orooa aoatiom of tho annular apaoo surrounding tho a lug waa a 
aanstant, tha Tarlatloa la ■lodn twba sail thlokaMs soul* bs 
psrsdttad* la tha daaiga of tha alnalaaa tubas sod of a a* ana of 
fixing tha tubas la tha PI la, avarj poasibility of expansion aad 
radiation had to bo oonoidorod* 

(1) Expanaloa« • To allow for longitudinal notion of 
tho aluninoa tubo with roopoot to tho biologioal ahiald, a aylphon 
ballon waa doaignod to join tho gun borrol (a tightly fitting aloomo 
ovwr tho tubo running throughout tho ahiolding and about ono foot 
into tha Pilo) to tha biologioal ahiold (Soo App* A 19) • 3inoo tho 
gun barrol and ita appurtonanooo would bo nado ontlroly of iron, it 
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would appear that a site able window would be provided for th» e soaps 
of fast neutrons* It turned out* however, that the iron would 
soatter the neutron* into the naeonlte Aero they would bo i lowed 
down* 

(2) Radiation* - To prevent oeoape of radiation 
through the snail spaoo botwoeu the gun-barrel and the biological 
■hleld p two series of six steel "doughnuts* wore deelgned (Seo App* 
1 20) | one series 9 closely fitted to the gun-barrel* and the other 
series # staggered with rospeot to the first series, cleeely fitted to 
a largo stool tube whioh would poos through the laminations of the 
shield and enoloeo the tube and doughnuts* This staggered doughnut 
oozmtruction would permit the gun-barrel and its aluminum tube to 
wore sideways without opening up a dlroot avonmo of esoape to the 
radiation* 

(S) Motion* - The possibility of violent notion of 
the graphite blook put forth the neoeosity of designing a nsano of 
allowing the aluminum tubee to rook with rospeot to the graphite to 
prevent shearing of the tubee* This was aooomplishod by deeigning a 
sleeve about eight inohee long, enclosing the gtnfr-borrel and tube, 
the Inside surfaoo eloping outwards from the oostor so that the tube 
would root on a pivot (See App* A 20)* 

(4) Corrosion* • As pointed out in the discussion of 
the preliminary design suggestion for a liquid-pooled plant (See Far* 
6-6) a water would have left the Pile at a temperature t* Fahrenheit 
above the boiling point* However, this idea of exit water at such a 
high temperature was later abandoned in favor of a lower temperature 
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(150 Fahrenheit) to minimise alualntm corrosion and to provide a 
factor of safety * It is obvious that* had the original idea been re- 
tained # the water pumping tieaands could have been lowered since heat 
would not have to be dissipated so rapidly # 

o* Pile Shielding (See A pp. A tl) + • It was realised that 
the design* fabrication* and erection of the sain shield or encasement 
about the Pile *ould involve a program requiring several isonths from 
inception to the beginning of erection. Ten month* were required to 
complete thie program* or thirteen months fro* its inception to the 
o map let ion of the first unit* In this time, the scientific require- 
ments were first reduced to available materials which could be fabri- 
catod and a program was outlined for subsequent design and procurement* 
The design of the shield was such that consultation with commercial 
fabricating shops would be neoessary to keep specifications within at- 
tainable limits 9 expedite fabrication* and minimize erection dif- 
fioultiee in the field* k reinforced concrete wall was originally 
conceived as the best fona of shielding* The thickness of concrete 
needed on all sides of the Pile would be several foot* In all* 
shielding would be massive, to sey the least* For several reasons this 
type of shield would be unsatisfactory* Ths concrete shield would 
have to be ouch thicker than a shield made of some material which 
could absorb radiations better* and would therefore necessitate 
longer aluminum tubes* There was some doubt as to whether suoh tubes 
could be extruded satisfaetorily* Secondly* longer tubes would 
necessitate railroad cars of larger dimensions for transporting them 
fron the fabricator to the Hanford site* Thirdly* the exactness 
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required In Batching the aluminum tube openings In the Pile with that* 
in the shield would be diffloult to attain. 

(1) Biological Shield. - It was necessary that tim 
stopping of both neutrono and gaami ray* bo ooaoidored. Alpha and 
bota parti e lea oould bo absorbed easily. The higher the density of 
aaterial used against gaaaa rays, the more effeotiro it would bo in re* 
tardlng thorn. On the other hand* the energy of neutrons oould bo re-» 
duood «oet offeotiToly by the lighter elements. There fere, a spooial 
high-density, pressed- wood shoot (a spooial typo of was emits), rieh 
in hydrogen content, ooo dors loped through negotiation with an out- 
side Tonior. looerdlng to design plans . ever 20.000 tons of 1 to 

Inoh stool plate and 7,600.000 square foot of presood wood would 
bo required. Stool would absorb primarily the games radiation and 
would add strength to the File faoo. The wood in aasonito, oontaining 
hydrogen, would abaorb both ganaa radiation and neutrons that escaped 
the thermal shield (See 1pp. A 21). It was found boot that this 
material bo distributed to 44 ftbr looting and naohino shops where the 
plateo and aheota oould bo bored, out or naohino d # and the sleevce 
whioh would oarry the aluninun tuboo through the shield oould bo 
turned and out to else. The oomponente would then bo shipped to 
assembly shopo for the final aeeenbly, welding, and naohlnlng of 
approximately 7X6 laminated blocks (*B* blocks) weighing approximately 
ten tone eaoh. which would form the biological shield at the charging 
and discharging faeeo of the Pile (See 1pp. 1 20. 22). These results 
wore finally obtained in spite of the complexity of cons trust ion and 
oloso toleranooo required, coupled with the look of time available 




for oosf>lete deroluy— ut of fabricating technique* 

(2) Thermal Shield* * ftoa the beginning of design* it 
wao dear that # regard lea* of the type of biologloal shield decided up* 
on* a therael shield would be required. This thcrnal shield would be 
located between the graphite of the Pile and the lssdnated**e te e l-cnd» 
naaonitc shield and would hare a dual purpoeej to abeorb the heat pre* 
duoed and to abeorb beta partiolee and nsutrane (lea App» k XI) • With- 
out saeh a shield* oonsrate would have disintegrated with neutron 
hew hardaent. Thie shield waa to be eoapoeed of seat iron blocks einee 
theee could be aaehlned or eaat eaeily* The close fit required la the 
field aeaeably of theee 10-insh block* normally would have involved a 
we oh 1 Mag operation* Huweiei B beeauaa of the laok of aval labia aedria* 
lag equipment , it waa decided to oaet these blocks withia Tory cloaa 
dimensional tolerances* (Mars for the acre than 16,000 blocks r#» 
quired were placed with the lynohburg Foundry Coapcny and the ff* S« 
Pipe aad Foundry & wKp&snjjm Initially* it aecaed sa if neither vender 
would bo ibla to oaet a tingle blook within the opacified tolerances* 
Eventually* by the use of refined foundry preetioes cad vary slight 
relaxation of tolerances * the two ocapaniee were able ta produce ao- 
ceptabla coatings and ta ooaplete the quantity required* One of the 
major problaae in the design aad oouatructlea of such a shield co»» 
slated af deciding on a assao of banging the shield on the Pile* ca 
that the blooka could aorta with cxpaasioa of the tubes and the 
thansal shield* Thia oould not be achicTed by res tine the blooka oa 
the concrete foundation. Several poesihilitieo vara suggested* It 
was finally agreed that the blooka of the shield should be supported 



by the steal gun-barrels in which the aluminum tubes wri fitted 
(See App. 1 20)* 

d« Slug Canning , 

(1) Barly Considerations, • SeTorel methods of canning 



the slug* war* proposed* Thooo included om know* m the "hot dip" 
method in which the slug would be dippad into molten la ad. Another 
method suggested waa tha uee of eleotrolyaie* Tha boat method, 
howrrer, and tha one adopted for further darelopment, consisted 
eesentially of forcing tha a lag lata am alumina sheath and eoallng 
tha can* It would bo neoeesary that haat bo oomduotod radially from 
tha cantor of tha a lag to tha oeelant and aot along tha ajda of tha 
a lag to the ends* If slug* were aharged iato tho altmrfxam taboo with 
no apaoo botwoon adjaoont a lags , hoot oarrlod domm tho axis of tho 
slug oould not eeoape* Furthermore, if a apaoo between singe worm 
to bo permitted, aatar ia thooo spaaao would aot bo undor safflaloat 
pr as sura to carry tho haat away adequately, and tha amount of uranium 
in tho Pile would be rodueod« It wao at first decided, therefore, to 
plaoo an *1»wlnwt wafer over oaoh end of tho slug, oaeloalng an air 
apaoo* whioh would aot ao an insulator* Slug* of this dooign ware 
pr oduood and used experimentally by tho Brtallnrgleal Laboratory 
(See App, A 24 # 21) • However, these experiments showed that this 
was not a suitable solution* Tho welding of thooo cape to tho aluai- 
ma sloe to, with an air poofcet enclosed, wao found tm bo difficult* 
Thia lad to leaky oaaa* Furthermore, tho orpootod heat transfer wao 
not aoeompliohed* Consequently, no aluga of thia typo wore produood 
at Hanford* Calculations shoved that a plug of aluminum about %/% 
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ineh thick at eaeh end of the slug would bs a good insulator and aot 
•if foot tho reproduction footer too seriously (Soo App» A 16) • It 
must bo reaoabered that throughout thooo experiments tho aaount of 
aluminum and othor materials which sight aboorb neutrons fester than 
thoj were produced had to bo kept at a aiat— » Along this lias* it 
might aloo bo mentioned that for a poriod of approxiaetely one aoath 
consideration was given to a doublo panning prooeeo* in which tho slug 
would bo oaxmod ae originally planned and tho assembly sealed insido 
another aluminum oaa Making tho woldod seal at tho othor and* Thio 
would roquiro twice as andh aluaimu* ao would actually bo necessary 
and* therefore, thio idoa woo eliminated* 

(t) Present ftroooss* • la tho production of slugs at 
tho Hanford site, it mj bo pointod out that tho original canning 
prooooo imrolrod introducing tho a lug into tho oaa containing aoltoa 
alxminua-silieou, and forcing tho slug to tho bottom of tho oaa ao 

rapidly ao poooiblo by aoaao of hydraulic presses* Thio method wao 

■ 

entirely unsatisfactory and caused innumerable interruptions to pre- 
duct ion for press maintenance* Effort wao oonoentrated en inprere- 
asnt of press perforaanoo with the result that sufficiently continu- 
ous performance was gradually obtained* For example, it was learned 
that a reduction of 50* Fahrenheit ftron the prevailing aoltoa bath 
tewperaturee resulted ia an Increase of ftron a few per cent to aore 
than seronty^fiTO per cent of the total slugs canned being con- 
sidered to be acceptable. This lapr a foment was asds in August 1944 
and resulted in the decision to reject all prior canning production* 
In September 1944* the hydraulie canning presses were abandoned 
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entirely and a modification to the process substituted* In this 
ratification, tho clug, can, and top cap aro ascoablcd manually 
below tho ourfaoo of tho final alualxnua-siliooa bath* With this 
Modification tho following adrmntagec accrued i 

1* As scab ly of parts under olooor oentrol* 
2* Inprored coating of tho top oap* 
S* Simplification of operation* 
4* Appreciably greater prodaotion rate* 
5 # EUalnaticm of Maintenance. 
S* Redaction in panning operation coots * 
With this and other gradual improvement « to ths prooess* almost ninety 
per oent of tho total sings canned were found acceptable for charging 
into the manufacturing Piles* The present process* known as the sub* 
aarging process* utilises an aland ram oaa with a thiok bottanj after 
the uranium slug has been firmly soldered into the oaa* the tcp is 
scaled by welding into it the alnatnua plug* The solder* or bonding 
material* is a composite at bronsc* tin* and the "aluainaa-cllloosi al- 
loy."* It is applied to the slug by consecutive dipping inte molten 
baths of those materials. Hills still hot* the slug is inserted Into 
the oaa whioh is held beneath the surface of a final aluminum s lUooo 
bath followed by insertion of the alumima plug into the oaa on top 
of tho uranlua slug* The finished asscably is trlasd to length and 
the oloeure doubly sealed by coaling the oap to the wall of the can 
(See App* A 26)* The canned sing Is then subjected to a serlee of 
exacting tests and only those slugs whioh are considered to be per* 
feet are accepted for charging into tho Piles* For further discuss ion 
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on th# o timing process* see Voluno 6* 

e* Type! of Singe (8— lpp« k >Tj) » - There wae sow quae- 
tlon* nhen the Pile waa not in operation and «u shut dam for oo»- 
sidorabie porioda of tins* whether tha exoesa reproduction factor 
would not ineraaaa ao rapidly that oontrol and safety roda would ba 
unabla to hold it and whether thara voald not ba soae difficulty in 
tha start-up of tha Pi la* For thla purpoaa lead-cadmiira a luge vara 
designed to "poison* tha Pile* alnoa "oadaiun** is a neutron aba or bar* 
Other duangr slugs ware daaignad to fill tha spaoea in the ande of the 
tubee where they pane through the shielding* in ahioh the reaction 
would not be taking plane* 

f * Centrel Poaturoo* • The quantity af ne u tro ns preeent 
in Hw Pile at any instant nuet be preoieely oentr oiled se that the 
birth rate of the neutrons Just equale the dentil rate* Ae n safety 
praeaution* therefore* three autoantio safety derioae were found 
neeeeeary* eating uee of tha propertiee of an eleavnt* euoh ae ber«n* 
whioh haa a high neutron abeorption oapaoity. Theee features (See 
Ipp* A 28) ware the control and shin rede* the Tertloal aafaty rode* 
aad the borax solution* Whenever any oireunataaoe should appear that 
would preeent inninest danger te the Pile* one or wore of theee do* 
rioee would be put into operation. The events that would trip theee 
aafaty derioee were ae folloeei 

1* Drive the shin rode into the Pile* 
a* High power output* 

b* Law level of hydraulio fluid in any one of 
the three aoouaulntora • 



o* ifcnual posh button* 
2* Drive in the shim rod* and alia drop tho safety rods* 

a* Law pressure on oh 1 Hod and unohillod water 
headers* 

b* High pom output* 

o» Power failure* 

d* Manual push button* 
S* For oo borax solution into drop Tertioal safety 

rod wells* 

a* Extremely low preeeuro on inlet water* 
b* Failure of a him and safety rods to operate* 
o« Manual push button* 
Bxperienoo in File operation Indleatod that several ohangee wero neces- 
sary in the operation of those dsrioes (See Tel* 6)* In tho event of 
a power failure* an err an go we nt would bo necessary whereby the oontrol 
rods would bo driven automatically and instantaneously into tho File 
to stop the reaction* Some form of energy stored in an aooumulator 
would be ideal* Water and air pressure wero both considered* 
Water pressure was abandoned as a possibility early in design because 
of the difficulty of eliminating the corrosive of foots of the water* 
Air* being compressible, was apt to get out of hand* prohibiting 
ezaot control* Gravity weights and storage battery methods were also 
propossd* Finally* a weighted accumulator, storing and delivering 
oil at sufficient pressure, was provided (See App* A 29, 50)* The do- 
sign of this aooumulator would be such that all seven shim rods would 
bo driven into the Filo simoltanoously at a speod of 30 inches per 
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second* The hydraullo fyit« designed to drive the shin and regulat- 
ing rods during norml operation waa ta oonsist essentially of an 
eleotrioally driven oil punp which would supply oil at a pressure of 
1000 pounds per square inch to a hydraulio actor connected to tha 
rod rack (Soo App # A 29, 31, >!)• So driring device would bo neoea- 
sery to drive tho vertical safety roda into tha Pi la since thoao would 
drop by gravity. 

r 

(1) Control Roda (Soo A pp. A M)» - Tr<m tha outest of 
design* it waa oloar that roda* o&pable of being inaortad and with* 
drawn fro* tha Pi la, wera tha baat aaaaa of control* Ptarthornoro* 
original suggeotlena for tho operation of rods oallad for bydraulia 
and olaotrio controls* Along these two lines* therefore* daalga 
waa direotad. Sinoa boron baa a high neutron- capture aroaa cast ion* 
it would ba an effective oontrol neaae* Tha Alndaua Ooapany of 
Aasrloa* howovwr* waa uaablo to supply an altadnuo-boroa alloy. 
Soraral experinenta wara perf oraed* resulting in tha spraying of boron 
on natallla aliaainun tubas* Sinoa nany of thaso rods* and at tines 
all of thav, would ba in tha Pile* it waa naooaaary that a cooling 
syston ba daaignad to move approxlnatoly 50 kilowatts of haat in 
aaoh rod. Thraa bor on sprayod almlma tubas, ana carrying tha 
cooling watar and tha othar two rowing hot water* anoloaad in on 
outar aluadnua easing to givn rigidity to tho structure* www dosigaad 
(Saw App. A SS). Tha horioontal oontrol roda wara to have suff ioiont 
capacity to absorb nautrona resulting trcm any condition exoept loaa 
of watar fro* tha oooling tubas* Also to bo considarad In tha design 
of thoaa oontrol rods worn tha faatora of support for tha rod # to 
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prevent beading, and lubrication* to prevent itv fl The beet wni 
of supporting the rode externally to the Pile developed to be a rack 
supporting roller bearings perpendicular to the notion of the rod* 
An to lubrication* sinoe the prim consideration was given to using 
only materials with low oapture oroee sections, graphite bearing 
blocks* similar to the wayo of * lathe* were designed (See App* A 
32-M)* The nuaber of rods to be used in the Pile would be do* 
ternined by the excess reproduction factor to be controlled* diere* 
gar ding the loes of factor by *ny other neene* This data wee supplied 
by the Nrtallnrgloal laboratory * In determining the mxnbar of redo 
several other factors alee had to be considered* irnng which werei 
(1) Shadowing effects of one rod upon the other and (2) Absorption 
effect of the boron* idiieh depended on the location and sasunt of 
boron in the rod* Original design indicated that only five rods 
would be sufficient to hold the Pile* However* due to later oalon- 
latione and as an extra precaution* it wee deoided that nine rods 4 
should be provided* This was a fortunate decision for it wae found 
later that all nine were neoeesary in shutting down the Pile* Control 
rods weald be divided into two categories} the first* shin rods* to be 
used in whatever quantity required* would be a rough control neane in 
starting and shutting down the Pile and would be left in a wore or 
loss stationary position during operation* Seven of these rode would 
be known aa shin rods* The other two rods would be known ae the 
regulating rode* to be used in Baking fine poeer adjustments and 
keeping the Pile at a constant level* 

(2) Vertical Safety Rode (See App% A 38)* - The safety 



rods war* designs* primrily to ahut down tho Pllo la cut of an ezasr- 
gsney sueh as wmt«r boiling in tho tubos or loss of powsr. Through a 
aorloa of iteps, twenty-nine rods war* finally dsoidsd on. although 
thia fimure aaa arrirod at aftsr design had progreaaed eoneidsrably* 
Th# idem of allowing theee rode to drop by grarity Into thimbles In 
tho Pllo existed from tho beginning of design. Uethodo of lifting, 
holding, *nd controlling tho rod* by remote oontrol hod to bo develop- 
ed* Ae designed, thooo rodo would bo hollow rbool tuboo Impregnated 
with boron (1*1 par oont) about 81 foot long* Tho top and bottom 
would bo solid in ordor to form aw effective meano of cutting off 
radiation from tho thimble oponingo whan tho rodo woro Ineerted and 
withdrawn (Soo App. A 36)* Tho vwrtlcal safety rodo woro doolgnod to 
hold tho Pllo with no wator cooling slnoe thoy would not bo in tho 
Pllo during operation* normally tho rodo would bo auopondod above 
tho Pllo with tho lowvr ond of tho rodo ooinoiding with tho bottom 
faoo of tho top thermal shield* Two cables, with loft and right hand 
windings on tho barrel of a winoh about 40 foot above tho top of oaoh 
rod, would support it (Soo App* A 35), With thio arrangement it 
would bo possible to change tho direction of tho rod f s motion* In 
ordor to aboorb tho shook of tho falling rod when it woo inserted 
into tho Pile by tripping tho safety circuit (Soo App. A 57), a brak- 
ing motor was doolgnod to slow down Its motion and bumper meohanioao 
woro provided at tho thimble opening (Soo App*> A 36)* 

(S) ggraat Solution* - Should tho oontrol and shim rods 
and tho vortical safety rods fail to operate, a third dovioo would bo 
necessary* Tfhat this device would bo was uncertain for a considerable 
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period of tine. Occasionally it seemed M if the idee would bo 
abandoned* Finally, after considering the feasibility of dropping 
boron shot into the Tertioal safety rod "thimbles"* and in view of 
the delay with which thia would be accomplished (1 or 5 minutes ) , it 
wee deeided that a borax solution, under a pressure of 76 pounds per 
square ineh f should be allowed to fill the thimbles in emergency* By 
use of a solution, it would be possible te flood the thimbles when 
the rode were in* out, partially in or soring into the thimbles* 
gowev e r, some design ohangee were neoeesary for the thimble openings* 
These were accomplished satisfactorily* 

I 

g* Charging and Discharging (See App # 88, 89)* - A* ncn- 
tioned prsvlously* one reason far adopting a short slug in preference 
to a metallic rod was to simplify discharging operation, transporta- 
tion* and handling* Te prevent rupture of the aluminum sheath and 
the oonsoquent induced radioactivity in the storage basin water, it 
was thought wise to allow a slug te fall a distance no greater than 
eight inches* In order to unload the Pile then, buckets would hare 
te be brought te the level of the particular tube being discharged te 
oatoh the slugs* Expsrienoe proved this stipulation te be unnsces- 

sary* Pinal deeign as given te the Construction Division ineorpor* 

4 

ated an^ aiming deriee (See App* 40) from Aleh the slug* would fall 
into a neoprone-lined funnel connected by a rubber hoee te a mechanic 
oal sorting derioc and into the storage basin* The sorting deriee was 
so designed to permit a selective oheiec of slugs and to disoharge 
them into different buckets depending on the particular type of slug* 
As operations progressed* however, this soheme was found impracticable 



and woo diaoardod ainoo tho a lags would not slid* oa tho rubbor* Tho 
rwiOB for this it unknown at proooat* To corrosion of tho slugs 
could bo notlood. It hao boon suggoatod that a this fila of ioua ma 
foraad ob tho slugs* Pros ant dlaohargo oporatiaa allows tho alugo to 
fall by grarity onto a a loping nooprono nattreea (Soo App # A 41, 41) of 
auff lolost thioknsoa to aba orb tho shook of tho fall and than to all da 
into a it or ago baa la (dosoribod bo low), ^koro thoy aro aortod waimally* 
by naano of tonga and an undarwator poriaoopo, and loadad into buokoto 
for atorago* flhsa tho buokoto aro at tho south of tha dlaohargo 
ohutoa* thoy aro suopondsd frca a aoatioa of tho nooorail that la ooo» 
nootod to a aoalo whioh la sonsitiTO enough to verify tho count of 
dmwalee and sings* Tow othor sorting derloee oossldorod wight alow bo 
asntloned* Ono dsrlow involved so loot! oa aeoording to weight* whsro 
a In go of a oortain weight fall through a door upon paaaing ovwr it* 
whilo light or woo would pane ovwr with no change* Tho othor dorioo 
oonsistod of two rubbor bolto waring la oppooito dlrwotioos* Slugo of 
ono typo would bo carried in ono direction and duaped into tho appro* 
priata buokot p while tho othor slugs would travel in tho oppoaito 
direction* 

h* Transfer Faollltloo* • Tho high degrow of radioactivity 
of nowly diaeharged a lugs roquirod shielding and aloo a aoano of 
handling rwaotely tho individual* proooaood a lugs* It waa dooidod 
that a nlnJaoa of 16*8 foot of wator would aot aa aa oxoollont 
shield* whioh would serve a dual purpoooi absorb tho hoot gonoratod 
by tho active awtal* and ahiold personnel ftroa tho radiation* 

(1) Dlaohargo Storage Basin (Soo App* A 41* 41)* - A 
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diaaharge atoraga baein m deeigned Inte whioh the slugs oould fall 
through threo chutea loading trwm the dieoherge fwoe of tha Pile* 



Bueketa # auapended in tha pool ftroa overhead trelleya* vara deeigned 
la whioh tha a luge oould reaaia during atoraga* A wooden floor* over 
tha pool* with a lata under tha nonerail traoka, wae provided* aa wall 



aa a Means for laadlng aluga into tha buokata* 

(I) Traaafar Aran (Saa App» A 41)# - Aftar a bucket 
af aluga had baan rataiaad in tha atoraga baain for a par lad lang 
enough ta allow ita aotivity ta deaay oanaidarably, it aauld than 
ba taken by owana of aa overhead aonerail ajataai pr alidad in tha 
atoraga baain araa ta tha traaafar area* Bara tha baekat weald ba 



lowered by a or ana into a aaaaivn la ad oaak* with opaninga in tha 
lid and walla aa that water aauld oireulata araund tha natal (Saa 
App, A 44) • Saefc oaak would ba daaigaad ta bald oaa buekst of natal 
(about a half a ton)* Theae oaaka oould ba reaoved froa a tank oar 
by tha oraaa and, on t&sir nay down into tha traaafar pit* tha lida 
would ba engaged by atopa which would hold thaai idtile tha oaaka oould 
oontinua their way doan until thay wara under tha buoket* On tha way 

up* through tha aana channel aa it waa lowered* the lid would ba re- 

■ 

turned to tha oaak and looked* Tha oovered oaak and oontanta oould 



than ba reaoved from tha pool into tha tank of water on tha flat oar* 

(3) Tank Car (Saa App. A 48) * - Tha firat auggoatioa 
for tr ana porting tha aluga ta tha Separation Area involved tha oon- 



etruotioa of a ooaorata ohanaal aararal ailaa long froa tha Pila 
Areae ta tha Separation Araaa eeveral faat undar tha ground level* 
through which aluga oould aovo either on a aoving belt or on aaall 
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otn nm on tracks* To provide shislding and cooling, this ehanoel 
would havo to bo water filled* A najor rtaon far tho discording 



of this suggestion* however* lay in tho necessity of Insuring * dost< 
free or air-tight channel, oinoo gases and vapors that found thoir 



way into tho ohannol would booeao radioactive* An overhead wmorall 
eystea woo also considered for design, but woo soon eliminated is 
favor of a specially-designed tank cor, containing auffioiont load 
ohielding and a wane of wator circulation through tho load walls for 
cooling* Kaoh tank oar would oostain two cooks, tho capacity of each 
oaok being one buokot of slugs* 

i* Instrument Design* - Tho Metallurgical Laboratory 
ve loped and constructed aaay • P*oial olootroalo devioeo for tho o 
trol of the Pile* while othor instrument* of opooial dooign woro 
Tolopod by tho Ftrlao Comtreetor in oollaboration with oatoido vendors* 
Assistance woo obtained ftrem tho Metallurgical Laboratory in tho do* 
ciga of opooial optioal equipment need for observing tho Pilo die- 

ohargo faoo from ahioldod pooltiono oatoido tho dlsohsrge room and 
for examining tho intorior of tho long aluminum tubee, oinoo tho 
higfr dogroo of rodloaotirity to bo onoountorod would preclude diroot 
oostaet* 9y noono of olootriool intor looks and dorlooo, tho system 
woo deeigned to respond to twy variation in wator supply * Pilo 
activity* and powor supply, prinorlly for adoquato oontrol and safoty 



of operation* A oontral control room equipped with panolo for all 
typos of aotors and controls was to bo provided (Soo App* A 45-5t)< 



Thoro was some doubt as to tho boot moans of nsasurlng ths Pilo 
powor and monitoring tho Pilo within safo operating Units • Tho 



dlreat method of vasuring the power would have bnn to determine the 
boat transferred to the cooling water* The requirements of satiefao* 
tory control, howrwr, would bo suoh M to make it necessary to control 
tho Pllo by mesns of variables Aioh would respond more rapidly than 
the teaper ature of the cooling water • lustrumoste whloh would measure 
nsutrea intensity would be fast operating and, therefore, more suitable 
aa primary oontrol slwente* In the design of the ?ile, three experi- 
mental holes, entering the Pile h or 1 cental ly and Atom the faoe 
oppeeite that by whloh the oontrol rode weald enter, were provide* 
(See App* A 45) • The primary neutron *ioo chamber"" would be located 
in one of these holes ■ Current froaa this ohanber oould be indicated 
at the oontrol desk* In the other holes, instrumsnts to measure gamma 
radiation eould be inserted* To provide a meaae of additional neutron 
density measurements, design provided for four concrete plpee leoated 
six feet below the bottom of the Pile (See App, A 41) • Bach pipe would 
be equipped with three risers, forming ions what ef a square err ay below 
the Pile* The outside risers were te be eight inches in disaster and 
the two inner risers, sixteen inches in disaster* 9y plugging each 
riser with lead it would be possible te reduoe the gamma radiation, 
allowing the neutrons to impinge upon the ion ohsmboro located in the 
tubee below the risers* The ion ohanber ourronts provided by the in- 
strunsnts oould then be amplified and used te operate relays to trip 
the safety oirculte to shut down the Pile if the levels were to be- 
come too high* Also designed to neaeure power level was a gaa*w* 
ray chamber which would function by measuring the gamma radiation 
emitted by the Pile disohargs water* It was clear that, during the 
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initial natal charging and for inbaaqannt otart-Bpa of tha Pila, 

« 

ooatimioua bo alt or lag of tho neutron Lntanalty *t oartroaaly low Pila 
Irralo would bo naoaiaary a Portunataly, a arthod waa available 
abort by noutrono oould bo dataotod and oountod* Thia nothod would 
IovoIto tho aao of a "proportional oouatar** Inaortod la ona of tho 
prooooo tuboa of tha Pila or aadar tha Pllo with tho aautrcn ohoabaro. 
iftar tha Pllo IotoI had rioaa to a oortala valna, tboao oountora 
ooald bo raaoTod and tho poaor oould ba noaourad by aaana of tha 
nautron Ion chonfeora aaatloaad ahova« 

im XUaallaaaoaf Eqal«aiit« • A oat of apoolal alora— tor 
Inatramta to nonltor tha a or w ao nt aad doflaotlon of tha Pila wait 
to ohaok Ita aaohaaioal atabllity, ■ pool ally daolgaod lcad~llnad oaha 
containing inatrtnNta for roaotaly oootrolling o««rgoi»oy oporatiana 
aa tha dlaohargp faaa of oaoh of tha Pi loo » aad othar apaalal noohanl* 
oal darloao for aaa la taatlag aad oallbratloa of tho PIU aaro da- 
•lgnad and partially fahrlaatad la tha Prlaa Contractor** miaiagtan 
•hopa aad taotad la tbaaa ahapa to dataot any aaadad ohaagoa prior ta 
final iitttallatlon* 

k. Pila Ball ding jhlaldlag (Saa A pp. A U)« • In addition 
to tha Pila ohio Id itaolf, plana vara aada for •hloldinf orltioal 
oquipaost la ooaorata oolla* Supploaaa&ing tho axtonalTO Pila ohlold- 
lag prorloualy daaaribad, tha Pila rom walla wara dooignod ta ba ooa- 
•truotad of oolid ooaorata throa to four ffcat la thlokaaaa ta font % 

oooondary protootloa for oporating porooanol In tho Pllo building ao 

i 

wall aa in tha araa at largo* A control roo» (Soo App« A 46)* ta 
heuoo tha o labor ata instruaonto roqulrod to aonitor and oontrol ovary 



i 
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phase of tho Pile operation, wm to bo located bohind a throo foot 

concrete wall, further shielded with load for protection of instru- 

■ 

moots* Those instruments wore to include a telephone system to pro* 
ride oontaot with all of tho operating station* im the building and 
in the area and a centrally oontr oiled publio addreee (tele-talk type) 
and alarm aye tea to warn all personnel in the area of impending danger 
and to permit issuing instruction* for complete evacuation if nooee- 
sary* It was olear that the thoroughness with whioh every souroe of 
radioactivity was shielded and protected would greatly simplify the 
design requirement* of the other area buildings whioh oould follow 
oonrentional design dictated only by the eervio* imposed* 

1* Headers (See App, A 11, 19)* - Te* partieulsr 
problemc in the design of tho header system at the oharging and dis- 
charging faoee of the Pile night be mentioned* Beomuso of the ex- 
pansion of the aluminum tubes # a suitable means of bringing the water 
from the manifold to the tube had to be designed, so that there would 
bo no buokling of tubes or undue stress placed om the manifold** 
Swire 1 joints were originally ooneidered but wers found unsatis- 
factory* Flexible piping* known a* 'pigtail*,* acting a* spring** 
were dors loped (See App* A 19 and 39)* This solution also provided 
an answer to the problem of where the manifold* should be Ideated* 
since operating requirements dictated that the header* bo located to 
a* not to interfere with oharging and discharging procedures* These 
header* were* therefore, looatod next to the out* id* plat* of tho 
s his Id, inside the charging and discharging points* Om the discharge 
face* risers wore deeigned *o that water would bo present in the tubeo 



at all tinos« This would prevent draining of the unit and weald act 
ae a poisoning agent whan tha PI la was shut down* 

5*11* Hater System (Final Design)* • Sneoccsfnl operation of 
tha PI la woald depend upon the ability to re move continuously the heat 
produced, and the rate at which plutonium oould be produced would be 
dependent upon the rate of heat removal* This in turn required that 
every effort would hare to be mads not only to insure continuity of 
water flow under all conditions, bat aleo that water treatment fat ill- 
ties whioh night alula! ss the corrosion of the aliml mm tubee and 
sliMlmm sheathed (canned) pieeaa of uranium during tha awtandad 
per lode of operation weald be a eos ssar y* furthermore, ocmpLste inter* 
ruptlan of water flaw sea Id result in a staam explosion of eataetrophie 
proportions. Fsr thaee reasons elaborate water faoilitiaa were neoce- 
sarily deeignad t# avoid oarlooa operating problems* As has been 
msntlonsd previously (Saa Par* 6-8 ), objections raised to ones "through 
passage of raw water and discharging tha hot water into the cold 
stream from whioh it waa taken included the facts that the quantity of 
water required would be a considerable fraction of the river from which 
the water woald have to be taken, that scale formation la tha Pile 
would undoubtedly occur , and that a coating failura woald result in 
oantaaination of tha stream and thereby constitute a health hassrd* 
Consequently, original design provided for a recirculation system, in- 
eluding gsaeous waste removal, oooling, and additional radiation pro- 
tection from the contend nated water* However, the Columbia Rivwr site 
provided an adequate supply of oool, pure water to permit oooling of 
the Piles without recirculation* This ohange invclvwd oonaidarabla 
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ahango in design, simplifying these problsas oonsiderably* Zt was 
eotinated that approximately SO, (XX) gallons par minute of water, 
having a high degree of purity, would be required far prooeee oool- 
lag la each of the three Pile Areas, 1m addition te the 5000 gallon* 
per ninate of filtered water te be pimped te each of the Separation 
Areas* Additional quantities would alee be required for boiler nates* 
up, condensing purposes, and for sanitary and niseeliaaeoue service* 
Therefore, provision had te be nade for 50,000 te 80,000 gallons per 
ninute with emergency demands up to 90,000 gallons per minute for 
eaoh Pile Area # The filtration of suck large quantities of water 
would require a considerable expenditure for the eonstruotion and 
operation of the filter plants* In an attempt te by-pees the need for 
filtration, eeoaoaiee diotated that complete investigation of ground* 
water oenditiona be eendueted in the hope that an adequate supply of 
suitable water oonld be obtained from wells* Tests showed, howerer, 
that the available ground-water was inadequate for the entire require* 
wants of eron one area, and, after thorough oonslderatlon was given 
te the reliability and oharaeter of the water* the Columbia River 
was ehoecn ae the souroe of the entire supply* It wae believed de- 
sirable, if not essential* te move all dleeolved or entrained gasee 
ae well ae all solids before pimping the water through the Piles* 
la addition, beoause of uncertainty regarding the effeot of imparl- 
tiee and dissolved oheaioals on the prooess and equipment, faoilitiee 
for deminer adi tat ion were to be installed in one area, with pro- 
vision for sinilar installations in all areas should dsn! nerallsation 
be proved essential by operating experienoe* The wain factor 



Halting tho operating capacity of tho PI 1m would be* as Mentioned 
above* rate at which the generated heat ooalt be rewired fron 
tho Pile without the oxi% oooling water reaching % teopereture at 
which aim i mm would bo oorroded* Since tho Coluabla Hivar water 
daring periods eaoh tumor roaohoo a temperature high enough eo that 
aaintenanoe of a limited exit oooling wator temperature would reduce 
Pile capacity, a oortala amount of refrigeration wee ooaaidarod 
necessary* 3inoa fuoh refrigeration installation would poet pane oam 
pleftion of tho first Pile* tho equipment wao to bo provided for only 
tho oeoond and third Pi loo* la or dor to prevent pooaiblo oorroeion* 
tho iiLital lation of ohenloal addition and proportioning equipment wao 
accessary to nalntain uniform wator quality* Tho partioulor noo do for 
wator aupply would roquiro tho utmost roliability of thia service* 
In oaoo of failuro of tho riTor pumping plants * it wao noooooary that 
■nffloiont wator for mini man operation roquir o— to bo available from 
it or ago* Therefore, ftoilitios woro to be proridod in oaoh of tho 
throo Pilo Aroaa for • tor ago of 25-* 10-* and 7«*illion gallons of raw* 
flltorod* and proooos wator roopootiToly* In addition* two elevated 
otorago tanks with a total capacity of 800,000 gallons woro to bo pro- 
rldnd to supply minimum wator requirements for about two hours by 
gravity flow should all p ow or bo interrupted* An intoroonnooting sup- 
ply system varying in pipo oiss from 41 inohos to 24 inohoo was also 
doslgnod for installation botwoon all tho Pilo and Soparation Areas* 
This sjwtem would oonsist of approximately twenty ailce of roinforood 
oonoroto pipo of a apoolal dosign which was so looted for ito roli*» 
bility in serrioo and for tho conservation of stsol* 




a* River Pump House* - Each Pile Area had to be provided 
with a river pump house designed to supply its own water requirements 
as well as some Separation Area water requirement* * ia addition to a 
stand-by capacity for delivering approximately 20 # 000 gal lose per rain- 
ute to other Pile Areas in case of emergency. Ae designed* normal 
operation would employ eleotrioally driven pumpo* but, for emergency 
use, three steam turbine-driven pumps were aleo to be provided* It 
should be noted that provision was made throughout the entire process 
water sywtem for continuity of servioe by use of steeei should em 
eleotrle power failure ooour* Protection to fish had to be given 
serious consideration in the design of the water Intake screens* 
Consulting servioe was* therefore, requested and obtained from an 
ichthyologist retained by the Seattle District of the Corps of Engi- 
neers (See App. C 8). sho periodically met with representatives of the 
Arias Contractor to discuss and approve design prior to procurement 
and Installation of these facilities* Although of standard design* 
the screens were provided with speoial mesh to prevent finger lings 
from entering the cooling water system* To avoid injuring or killing 
the fish* speoial facilities were to be installed to return the finger- 
lings to the river promptly. 

b* Raw gator Storage Reservoir * - A 25-millloa gallon re«« 
orvoir* so constructed that 15-adllion gallons oould be reserved for 
emergency use, was designed* into shioh the normal flow of raw water 
in each Pile Are* oould be discharged Aram the river pump house* Chlo- 
rine and other dhemloals oould be added as needed to the water entering 
the reservoir* for prevention of algae growth* Design provided that ad- 



dltlenal raw wator could bo puapod dirootly to tho rafrigaration •quip* 
mat la tho D and P Pllo Aroao whoa this aqulpaant no la oporatioa* 

WLltor Plant. • Dooigao woro aado for dlotributiag tho 
rmm watar la taA Pllo Aroa t r i m tho rooorroir poop houoo through 
aaino to tho Separation Araao, to tho oondoooora, to tha po w or houao» 

aad, la enargaaoy* dirootly to tho Pllo* Tho bulk of tho row wator* 

■ 

h o wo T or, would bo puwjod to tho aroa'o grarlty aand filtor plant* 
doalgnod to filtor 30,000 to 88,000 galloon por aiauto, for aubooquont 
purification and for uoo oo prooooo oooliac water • Thio plant oouli 
bo of otandord doaiga and would produoo wator auitablo for prooooo* 
aaaitatlon, aai a toon gonoratioa. A oloor wo 11 of 10-aillioa gallon 
aapaoity **■ Inoladod oo a port of thio plant* 

d. Doalnarallaatloa Ploat (Om Pllo Aroa Qaly)« - la Pllo 
Aroa D doaiga woo ouoh that wator trim tho filtor plant puap houoo 
oould bo puqpod to or bypaaaod around tho daatnorallaatlon oqulpnant. 
Although tho daadnamllaatioa prooooo to bo uood had boon wall ootab- 
liahod la aaalL-ooalo praotioo* oortaln roooatl/ dorolopod rof inonaato 
to roduoo tho iapurltioo to approxlnataly 8 porta por aillioa woro to 
bo laoorporatod la thio inotallatioa. Tho Saaford roquirananta of 
30,000 galloao por aixaxto capacity, thoroforo, nooaooitatod that tho 
frlao Contractor dologato to tho aaaufaoturor tho oxtonoivo work noooo« 
aarj to doaiga equipnant of a also auffloiont to haadlo thio roluaa* 
Booauoo wator ao troatod would havo a eorroolva of foot upon Ira or 
a tool, doaiga inoladod otorago la woodoa tonka with a total eapaoity 
of approxlnataly two aillioa gallona* Thoao woro to bo houaad within 
a duottight oonoroto otorago vault to provont oaataainatioa of tho 




voter by dust. The corrosive ehareoteriatieo alto necessitated stains 
lata steal or rubber-lined piping and puaplng facilities for handling 
tha voter aftor dasineralisatioa to prevent subsequent contamination 
prior to reaching tha produotioa unit* Thia equip— ut woe not in- 
stalled in Pile Area B since the greatect taauat of apaad ia Ita ooifr* 
struotion waa required, and ia Pile Area f it wae proved unnco o oeary 
by teeta performed at tha Hanford alto (See Vol. 6). 

Pggggg*gg*« - Aa it vaa naaaaaary that "deaaratlea"* 
would hare to bo aoooaplishod without raiaing the water temperature, 
thia equipment neooeoitatad apeoial inreetigatioa and extensive 
atudlee with interested vendors before specifications oould bo estab- 
lished, inasmuch aa no known installation provided auah complete 
decoration nor approached the o opacity deeired* Ordere wore finally 
placed with tha Cochrane Corporation for the deoign and fabrication of 
theee special, large-oapeoity, rubber-lined, cold water decorators* 
Filter plant pumps la each Pile Area were dee i goad to deliver filtered 
water to ton of those das orators of S000 gallons par minute capacity 
each, to be mounted on the roof of the proooee pop house* In File 

Area D the filter plant pumpe wore daaignod ta deliver to either the 

- 

doaeratore or tha demiaaralisatioa plant. D ^mineralisation plant 
poapa were doe i good to deliver proooeeed water to tha doaeratore* 
However, development work carried on at Hanford during the ootv- 
etruotion period proved that decoration of tha cooling water would 
be unnecessary (See Tol, 6)* 

f . Refrigeration * - In the second and third Pile Areas, 
lines were designed to carry a part of the water through refrigeration 





unite* Total refrigerating oapaoitiaa of approodaetely 16*000 and 
10 f 000 tana par day* res poet lrely* vara noeeeeary* Thla installation 
see Assigned to insure ehlllad eater for the oaatal parta of tha Pile 
during tha am— t period she* Pila e ap a oi ty soold be la aarai booaaoo 
of tha higher temperature of tha riier water* aiaoe the arieni set* 
let temperature would be find by tolerable oorroeien and ether pre* 
aaaa oemi tantieme* Ineuffleient tim erne arai labia to inetall re- 
frigeration equipment 1a Pile Area B* the flret unit ta be completed 
and plaead in operation*- heeovor* the proeeee eater piping la 
identical ta that of tha ether tea Pile Areee* providing for future 
Installation of tide equipment in thia area if the need developed* 

g» Proosoo Water Storage, • Design psrmitted water tram 
the deeeratere la all sreae* or Arcs the reftrigeratioa unite in Pile 
I Areea D ai* t shen la use, ta be pipad to a battery of four etoel 

tanks* eaeh tank having a oapaeity of 1*760,000 gallons* Eaeh tank 
aaa ta oontaia aaay apaalal design featuree. Te nlaiaiee pick-up of 
air by tha iaaaratad eater* poatooa^tyyo reefi aero to bo provided 
whioh eoald eoal ag*i*»t air infiltration Iqr >«a of synthetie- 
rubber-ooated-fabr ie eortaine oonnsetlag tha pon t o on o ta tha aide 
ealle of the tank* Theee storage ffceilltiee eora deeigaed for relia- 
bility ef lerriee and continuity of operation and* beeaoeo of the 
greater probability of oorroeien Area deadLneraliaed eater* tha four 
taafea in Pila Area D had te be rubber-lined. Thia work aaa performed 
by tha U* S* Rubber Oowpeay under a eubeontraet aa a r d ed by the Chioage 
Bridge and Iron Works, the subcontractor for the tanks* All prooeee 
eater piping beyond the deaineralisation plant in Pila Area D aaa 
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neeeoearlly to bt of atalaloae itool or liaoi with rubber* 

h* Broooee Wotor Puapo* - Pre* the proooaa mtor • tor ago 
tonka, tho next atop la deelga oollod for It ooto of proo ooo puwplng 
uaito (Soo App* 0 9) to wfaloh tho water would floor by gr***ty ftroa tho 
prooooo water a tor age tanks* Each aot of puapo would eoaalet of a 
turbi n e » dr 1 t ea pup la aorloo with an eleetrloally drlvea puxp* la 
keeping with continuity r equlreasato • Tho deelga provided for toa 
unite to supply tho cooling water requlreaanto « leerlag two uaito oo 
epareo* Tho proooaa puapo eere designed to iaeure continuity of 
aorrioo awl to prerrat any euddoa ohaageo la tho water flow* Steaa 
puapo woro deelgoed to oporato ooatlnooaaly at partial load to deliver 
wator to tho eleotrieally driven puape at about 1^1 of tho ultlaete 
puop dieeharge preeaure* la oaoo of failure of olootrlo power* tho 
atoaoa puapo* already operating* were deeigned to roopoad iootaataae* 
ouely aad deliver wator at tholr full oapaoity* a oapaoity ooaaldorod 
aaff loloat to preteet tho Pilo fro* a pooalblo dloaotrouo aad rapid 
laoroaao la teaperature* Siallarly* tho aoter-drivea pupa woro do* 
elgned to poralt oporatloa alono aad delivwr tho aialaoa wator re* 
quirmente for aaftty* Tho eleetrloally dbrlren puapa operating alono 
would bo ablo to aupply approadaatoly 89 por oaat of tho regular flow 
whllo tho atoaa turbiae-drivea puapo would aupply approadaatoly 80 par 
oont of tho regular flow* Two oonorete tuanolo woro deeigned to 
oarry tho delivery linoo froa tho puapo to tho Pllo Building* Tho 
eooling wator ayatoa wao deeigned to aaiatala a proaauro of approx- 
laatoly 870 poundo par aquaro laoh by aa autoaatlo proaauro control 
ayatoa operating oa tho turblne-drlvea puapo* loraally* about 120 



pound! par ■quart inch would be eupplied by the ittit puapo and about 
250 poundo per oquare inch by tha alootrleolly driven papa. Tha 
■otar-driTan puapa were to ba equipped with hoary f lyahoola nhlah, 
la event of oleetrlo power foliar** would delay tho drop la water 
flow far tho arltloal oaoondo until tho atoaaa turblnoa oould inorwaoe 
tholr apood and while tho ooatrol and aafety rodo wero being inearted 
lata tha PI la to atop tho reaction. Tho pooping equipaent woo to 
doalgnod that la oooo of alootrlool falluro tho flow would not dray 
below 56 par oen* of tho nerval roqulrenenta • Tho turbine-driven 
puapa woro doalgnod far eandenoing operation ualag bar ono trio oaa* 
danaere. Unuaual prooautlono had to bo takon throughout tho dealga 
of tha eat Ira ayotca to prevent duat # ooalo* or othar foreign 
aatorial tram ooataai noting tho pro oo o o water. 

1* Wator Dleohorgo from Pile. * la ardor to preve nt 
poaalblo injury *• flak lift la tho OolaahU River (See 1pp. G •)» 
and la tIow of tho groat roloao of wator dieahargod from the Pi la* 
tho radioactive affluent cooling wator would nooooaltato tho oaa- 
ploto onoioauro of all piping la oollo ohioldod with five foot ooa- 
oroto walla* Doaign proridod far oenduating thia wator undor ground 
la a oonoroto aawer Una to a six aillloa gallon retention baa la for 
doooy of radioactivity. Thia baaln would bo aqulppod with ipeeially 

doalgnod inotruaonto to wozdtor tha wator aa it woo returned to tho 

* 

river. 

6-1*. H.ll« SjnUm {FlnH D-lgn). - It ~t olnr that th» 
goooouo iapuritioo whioh would oolloot la tho roldo within the Pile 
otruoturo should be replaced by oooo goo whioh would nolthor offeot 
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tha proooaa adwHly nor proaant a aarloua haalth haaard in tha 
evant of laakaga fron tha Plla* Air # tha coononaat of guM f coald 
not ba used booauao lta "nitrogon** abaorba aautron a affaoti-raly and 
ita arson booonsa intanaaly radloaotiva proaanting a potentially 
aarloua haalth haaard. Haliun dooa nsot thaaa raqulranaata parfaatly» 
ainoa it oould ba obtainad in a para atata and haa a nagligibla 
noutron--oaptura arooa aaotion* and* in addition* poaaaaaaa tha da- 
airabla quality of baing abla ta nonitnat hoat ta tha oooliag tuboa at 
a aatlafaatory rato« Only thaaa inpurltlaa Aiah nay ba praaant in 
tha helium would praaa n t a aarioaa problan. Thua* haliun airoulatioa 
and purification ayatana vara doolgnod ao that iapwitiaa oould ba ra» 
noradp and tha haliun raairoulatod through tha Fila* Moiatura oould ba 
rmorad by oiroulation through *ailioa gal**) othar inpurltlaa oould 
ba ra nu nm d by oorapraaaing tha haliun ta axtraoaly higji praaaxaraa and 
rafrigaratlng to axtranaly lov ta npara turaa f olloaad by oiroulation 
though "aotivatod oarbon*"* 411 of thaaa oparationa had to ba 
oarriad on bahind aaaaivn oonorata walls* and by ronoto oontrol of 
tha squlpnaxxt baoauaa of tha intanaa radioaotirity of tha lapiritlaa* 
High-proa aura haliun atoraga tanks vara proridad in tha daalga of tha 
ays tan to pormlt raady raplauamt of that haliun whioh la normally 

loot Aran tha aywtan* 

6- IS. »tana Oanaratlon (Final Daalgn)» - Staan would ba raquirad 
for boating and othar ganaral purpoaaa and for tha turblna-drivan pro* 
ooaa watar ponpa normally in opar action* In addition* it waa daoidad 

to prorido turblaa-drivaa punpa and ganaratora aa ataad-by oquipnant 

* 

la th* mat of eleotrio*! failara* To supply tha ataaa for pom* 
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aad for heating, eaoh Pile Area wm to be equipped with four boilers* 
eaoh capable of producing 100*000 pounds of steam per hour* fired by 
spreader stokers using lignite « The boilers were designed to respond 
to emergency demands (approximately two-thirds of the maxima output) 
1b about 25 seconds. A steam pressure of 200 pounds per square inch 
was s sloe tod to giro an economical installation in combination with 
the baromstrie condensers cm the pumping units* Tbs boiler plant* of 
simple design far maxlim reliability* would contain feed-water* 
softening equipment and necessary auxiliary equipment. In addition* a 
760 kilowatt emergency turbo-generator* with controls* was included 
in the design* so that it would start automatically in caso of a power 
failure* to handle the necessary power plant auxiliaries* emergency 
lighting throughout the aroa* sad certain special process demands • 

6-14* Ventilation (Final Design)* • Considerable prevision had 
to be made to remove from the work rooms whatever irradiated gas may 
havo leaked out of the helium system* For this purpose* three 50*000 
cubic feet per minute intake fans and two 78*000 cublo feet per 
minute exhaust fans wore provided* Theeo fans would be capable of 
circulating air through the rooms and around the File and the helium 
carrying linee. They would exhaust the ventilating air to am under- 
ground troneh loading to a 200-foot exhaust stack* k minima dilution 
footer of 80*000 was planned for the anticipated leakage of toxic 
gases from the Pile shields. 
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SECTICW 6 • SEPARATIOI AREA 



6-l» lanaral. • The researoh program for the separation of 
plutoniun fron the Pile aetal waa inaugurated at the Metallurgical 
Laboratory of the Uhivereity of Chicago la April 1942 (Sea Vol* 2)* 
By the end of that yoar* the successful mlaroahemioal preparation 
of sons plutoniun salts and a studiy of their properties had eetab* 
llehed the faot that it would be possible to separata plutoniun 
oheaioally fron the other material* ia the Pile natal. Having 
proved the feasibility of a ahead oal separation* the aid of ahead- 
oal engineers was enlisted to supplement the work of the ohsnieta 
in order to obtain a workable design for a Separation Plant* The 
history of the aetual design progress ia difficult to follow from 
its inception to the issuance of drawings to the field* beeauaa 
the urgency of the entire program made it impossible to spend tine 
in preparing a complete historioal reoord of the problems and ohangae 
encountered* 

6-2 * Poeaibla Separation Rrooeeeoi* - During the research 
prograa* a nunber of pooelble separation prooeaaea were laves ti* 
gatod* Theea fell into four general olaeelfioationai preoipita- 
tlon processes | solvent extraction processes j adsorption processes | 
and a fractional volatilisation process* A number of variations 
of noet of these types were considered* the acre iaportant of which 
are described in the Metallurgical Laboratory reports CI 1017* CI 
1603* and CI 2519 each entitled "Survey of Separation Prooesseo" 

(See App* C 10-12)* 
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a* Proolpltatlon Prooossoo * * A precipitation proeeos 
porwita the separation of oai cr more substances froa * solution 
by the conversion of those substaneeo, through ahocdeal or physi- 
cal change* to the solid state. Precipitation proeeesee for the 
separation of plutoniua would consist of a series of precipita- 
tions in which compounds of plutoniua end radioactive fission 
products would be separately oo*preeipitated with inactive oca- 
pounds* such as bismth phosphate and lanfthamm fluoride # whioh 
aot ss carriers* Thia technique would be nooeesary beoause the 
plutoniua and fission products would not usually be present in 

+ 

sufficient oanoentrati one to be precipitated directly. Carriers 
would hare to be selected so that the plutoniua would be carried 
in only one of its oxidation states* Areoipltatlng conditions 
would be regulated so that a adnima quantity of fission products 
would be carried s iaaltaaeoue ly with the plutoniua sad a 
substantial fraction would be carried whan the plutoniua raaains 
in solution* A typical precipitation process would eonslat of 
extraction, decontamination* ooneeatratlcn* and isolation steps* 
It would be required that the proeees separate the plutoniua fires 
the uraniua solution (extraction)* reduce the radioactivity to 
about one ten-aillionth of that present at the start of processing 
(deeontsainntion) * reduce the bulk of the plutoniua solution (con- 
centration)* and farther concentrate and purify the solution 
(isolation)* 

b* Solvent Extraction Processes. - Solvent extraction 

■ 

wy bo defined so a process whioh asperates two or acre substances 




or group* of substsaooo* oaoh fToa tho orthors* through the us* of 
iaaiooiblo solrsnbsi ti«h suhstano* or group of substonoo* mt bo 
alaoot ontiroly solubls in ooo of tho solvsats bat not la tho 
othars* *o bo used in tho separation of plutonian* o solvsnt would 
bars to satisfy tho following roqulrsaaato i 

!• It should bo soft with ordinary precautions 

in handling* 
I* It should bo stable under tho eondltieno 

encountered im tibm presses, i«e«, to ohosdosls 
sod to radioeotirity # 
3. It should bo readily available and lor la 
eoot* 

4* It should have a high selectivity sad * 

reasonable solubility* 
8. It should haie o high settling rate* sad 
9 m It should have a lor water solubility to 
faoilitots its recovery* 
Slnoo no mm solvent would satisfy *U thooo reqairoBsuts* only 
thooo ehloh root iwarly approached tho idoal would bo considered 
for uoo ia tho separation proooes* la tho solvent extraction pro* 
osssss, tho plntenlu* sad a snail percentage of flssioa products 
would bo extracted froa sa aqueous solutioa of uraayl nitroto by a 
oolvont-<uraayl nitroto solutioa which would bo i—dooiblo wilfc tho 
aqueous solution* tho plutonta* would then bo oxtrsotod froa tho 
solvent hy a aaall voluae of squsous reducing solution containing 
an oquilibrim saount of uranyl nitrato« Additional decent aaina- 
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tion* ooncantrotioei, aad isolation would bo aoooapliahod by ropaatod 
oxtraotlon eye lot # 

o« idaorptloa arooooaoo m • An adsorption prooooa Nptrttea 
two or aero subrtaM or groupo of aubotaaaoo* aaoh from tho othor* 
through tho aolootivo aollootlon of im of tho aubstanooo on tho 
■ioraooopio ■urfaooo of ft tultablo adaorbont notarial* la tho ad- 
sorption proooaooo for tho ssparatioa of pluto&lua* a roduood natal 
solution would bo diluted to tea par oon* uroqgrl nitrate hoxahydrate 
aad woald thon bo pooooi through ft oolma containing ft synthotlo 
ion-ogohaago rosin whioh woald rwvi ftll of tho plutonium «ai 
aaall umurte of uraaim and flaaloa produote* Thooo oloMoto 
would tbon bo olutriated fro* tho ooluan solootlrsly by ft oorioo of 
waahoo* 3ubooquoBk adsorption oyoloo would bo porforaod an tho 
plutonium wftoh for oddltionftl doooatanl nation* oonoontration* 

lO olfttlOBni 

d« Fractional Volatilisation Froosos* • ft-notlonal 
Tolftti U station paraite aoparation of two or aoro «ubot«&ooo 9 each 
froa tho othor, by tho alow distillation of ft alxturo of tho sub* 
■toxiooo aad tho aoporftte oollootloa of tho dioti lift too at oaoh boll* 
iag paint, or after definite teaparatura lnternd*. As applisa te 
tte separation of plutesiuB* f bavins nonld ba pMaa4 oaar tha 
uranium alugo forainf tho volatila flnoridao of uraaioa* plutonium 
aad o fow fission produota • lost of tho fission produota would bo 
laf% ao roalduoo* Tho fluorldoa would than bo oondonsod aad aopft* 
rated la a distillation ooltaan* Tho dlatillatloa aystea would bo 
oporatod uador prossuro to total rof lux* until tho oonoontrsftlon of 
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lav belling fission product fluorides* such as those of molybdenum 
and tellurlra* in the top of the ooluan* reached a oonetexrt veins* 
at which tins the oandensa&s would be drained to by-product storage* 
This step would bo repeated until the charge in the eolnon wae cuf* 
f lolently free of the low boiling fission products* The ooluan 
would then be operated at a low reflux ratio and the uranium hex** 
fluoride would be drawn off continuously and drained to storage* 
The reel dues would than oontaln the finer idee of plutoniim and the 
high boiling fission products, such ae "oolunbiun"* and tirooniun* 
dissolved in shout one gallon of ureniun hoxafluorlde* Further de« 
oontaninaticn would he accomplished by volatilisation or precipitation 
■ethods* 

6«S* Barly Met cry * * In order to facilitate the design of a 
Separation Plant, a group of engineers was assigned to each of the 
processes f whose duty i* was to proceed with do si 91 of a large scale 
plant for their particular process and list the queetions and dif- 
ficulties encountered* These questions ware then answered by actual 
experimentation and the design wae resuncd*. In addition* a design 
group wae assigned the tack of preparing plane for the buildings end 

shielding required* in such a way that the plane would be adaptable 

■ 

to the process finally selected* Tentative building plane evolved 
quickly* based on concrete thicknesses and "labyrinth"* arrangement 
inferwtion supplied by the Metallurgical Laboratory, Uany of the 
process features wore recognised very early In the design period* 
The Metallurgical laboratory's "feasibility Report" of 28 Soveobor 
1941 (See App* C 4) oiteet the need for remote control operation 




behind considerable shielding! ttie use of outdoloo or Mils which 
would be covered by large o on ere to blocks far proooes equipment | 
the provision of iptrt oello for unf oroo c o n changes | and the use 
of a crane, with lead-chiolded cab, for heavy lifting la the pro* 
oni am* The require— nti were, of gout so* of a general nature 
and could bo adapted for use la any of the prooo oooo under eoaoidora* 
tioa at that tine* During the period Trxm October 1M1 to January 
1945* the problem of filtration versus oentrlffegation for the pre* 
eipitatloa prooeeeee eae deoided in fever of oeutrifugatioa* This 
decision was made after consultation with eetabliehed vendors of 
both types of equipment* The baeie faetor favoring oantrifugatioa 
erne the particle alee of the fluoride precipitate* which caused it 
to penetrate all available filtering sedia* The baeie proces s for 
the eolation of the sing* in nitric acid wee decided uponf and the 
oxidation and reduction reactions to be used in the various pro* 
oessee were eetabliehed* although considerable ref lament wee neoee* 
eery before they could be workable on a large scale* During this 
period too* oorr colon data for 25-1! Cb stain l ess steel (25 per cent 
ohroalua* 12 per cent nickel, eotaabina stabilised) were wade avail* 
able ia the design groups* 

a* Prooees Decisions* • During the early souths of 1945* 
all design work was concentrated on a plant for two of the pre el pi* 
tat ion prooeeaee* the first using bl south phosphate at * carrier and 
the second using laathaotaa fluoride* Theee proeessss were selected 
booause* at that tiae* they were acre fully developed than their 
alternatives and they seened to offer the greatest certainty of 
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suooessful operation in tine for the scheduled startup of promo- 
tion operations * Although the other types of processes ware no 
longer factors in planet design* the processes were kept under study 
and reviewed periodically to be ready as alternative aothods if the 
need should arise* 

(1) Solvent Extraction Tooeccoc* • The solvent ox- 
traetion processes, although continuous and* therefore 9 acre sub* 
jeet to reproducible operation and remote control than batch pro* 
oosses, offered a difficult problem in control to assure the slaul* 
taneous functioning of all parts of the systemf they preeented 
phase problems as the result of emulsions caused by oil or impuri- 
ties} and they preeented a potential fire and explosion hasard in 
the handling of the large qusntitlee of volatile solvents required* 

(2) Adsorption Prooosses* • The adsorption processes* 
although requiring equipment that was s lapis and readily available* 
resulted in largo voluses of waste solutions and were handioapped 

by the fact that radiation on the ion- exchange resin for long periods 
of tine and at ths sxpeoted levels would be detrimental to the resin* 

(3) Fractional Volatilisation Process* - The fraction* 
al volatilisation prooees required equipnent that was relatively 
staple, used only one major chemical, and resulted in snail volumes 
of waste solutions | but it presented a problem of critical tempera* 
ture and pressure oontrol, preeented severe corrosion problems , per* 
aitted a build-up of plutoniun in the prooees equipnent, and re* 
quired prohibitive experimentation tine before successful operation 
oould bs assured* 
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ei pit at ion proooss A the design of equipaeut and buildings was 
greatly simplified* ."hero, previously, the building designs had 
to bo adaptabla to any on* of • aator of processes* sons roquiring 
entirely different typoo of equipaeut than all tho others, now the 
dooiga had to bo adaptabla to only too generally siailar prooooooo 
vhloh required auoh tho seas typo of equlpaent* Tho building de- 
sign, ao it was uaod at Henford, wao* ao a rooult of tho prooooa 



decision* evolved in tho early port of IMS* To insure ooaplstioa 
of design in tiao for construction, tho oquipaont for tho separa- 
tion prooeaa wen planned to fit either of tho too prooooooo under 
consideration* Thus, where filtration aethodo oould haio been 
used for tho Sisauth Efeooffcato Pfooess, oontrifugatlon was provided 
la saso the Lanthanum Fluoride flrooo o o wao the one so looted | eh ere 
a lose oorros ion-resistant aaterlal eight have s erred for a Blssuth 
fbospheto Proeeas, 25-12 Cb stainloso stool was used boesuso of tho 
oorroeioa probleao oneountored in tho Lanthamss Fluoride Proeeee* 
Tank slsee tf set by ohooelng a prooeosing oapaolty of one ton of 
Pilo aetal per day, and oonoreto blook si see, which go v ern ed tho 
also of tho individual eollo 0 detemiQed the oell groupings ao they 
now exist* Coonooters for tho reaote naitttonanoe of pipe linoo to 
proeeee cells had boon developed and, with the dove lope* at of a re- 
aote ly ooatrollod "iapaot wench,"* the practicability of reaote 
aalntoaaaoo of pr o oooo equipment wao assured* Thus, although tho 
prooossoo aero still under study, auoh of tho detailed oquipaont 
and building design ems established* 
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6-4. Scleotion of Separation Process. - la June 1945, emphasis 
ny placed on the Bismuth Phosphate Process, although there was rel- 
atively little choice between it and the Lanthanum Fluoride Process* 
The decieion was essentially the choice of the poorer carrier , Bis- 
nuth Phosphate, in order to avoid the oorroeion problem involved 
in the uae of a fluoride • The Bisoaith Phosphate Process (See A pp. 
C 13) involves the uae of bismuth phosphate as a carrier in the 
extraction and decontamination steps, a cross-over to lanthanum 
fluoride in the concentration step for bulk reduotion, and a net** 
thes is , or conversion, of the fluoride precipitate to the hydroxide 
in preparation for the final purification* Tith the selection of 
a separation process* it was necessary to adapt the prooess to the 
plant as designed, a reasonably eaey natter in rlew of the f lexibil^ 
ity of the design* 

6-6. Final Separation Area Design. • Original plane provided 
for a total of eight Separation Plants, and supplementary facilities 
which included power houses , water reservoirs, filter plants, office*, 
laundries, shops, and storehouses* As prooeee information developed, 
the required amber of Separation Plante was reduced fro* eight to 
four, and on the baeie of prooeee data developed at Clinton Labora- 
tories (See Vol* 2) during the s tinner of 1944, it was found possible 
to oanoel construction of another plant, reduoing the total to 
three. Each Separation Area, ae designed* provided for two Separa- 
tion Plants, one mile apart with a service plant aidwey between 
(See App. A 9). An Isolation Building was also designed in the 
Separation (200-H) Area, where concentrates from all the Separation 
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Planta -weald be treated further and where the plutoidia would be 
prepared for ahipnant* Bcoauea of the dealgn ohangee Mentioned 
above* only one Separation Plant waa completed ia tha Separation 
(200-1) Area. Each Saparatioa Plant waa deoigned to include a 
Saparatioa Building* a Concentration Building* a Ventilation Build* 
lag* •nd a lac to Storage Area. Thraa building* were doeigned for 
tha a tor age of active uraniua under aatar during tha decay pariod 

following diaohargo tram tha Pileaf thaaa were to ba a p a ced one- 

- 

half *ile apart ia tha Lag Storage (100*1) Area* looatad nidway 
bataaaa tha Pila and Saparatioa Areae* Sinoa tha firat atepo af 
tha aeparetioa prooaaa would involve tha extraction of plutoaiua 
tram uranltat and fleelon product a under highly radioactive oaa- 
ditione* it waa neoeoeary to provide for unueuel thiokaceeoe of 
ahialding around prooaaa aatar iala and equipment in tha Saparatioa 
Building* • It wee evident that euoh unprecedented olrouootanoee 
aould dictate reaote control operation and reaote aaintenanoe of 
ehoaloal and aachanloal equipamst. It aae mandatary to aeaune that 
eoaiitioae eight ariae which would prevent any direct perianal co»» 
tact with equipment requiring inapeetion and repair* Even proxiaity 
to prooeee aatcrlala* vapora* or aaatee had to be guarded againct 
beeenae of the hi gh degree of radioactivity involved* To ainiaiae 
ahutdowno* daalgn aae directed toward (1) a ainiwa nuaber of 
aerving parte* (2) alaplioity* (S) neohanloal perfection* (4) aegra- 
gatioa into eeparataly ahialded unite* (6) flexibility la piping 
arrangenent* and (6) inter changeability* Dealgne expected to pro* 
vide theae reaulto involved extrenely oloee tolaraaoea in oonorete 
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im mi iiw pi mo— nt f pipe banding* location of tank no a* lee* and 
equipaeat fabrication* ifoll-bottoa flat care* apcoial buckets, and 
shielded oMka hM to bo dec 1 good (Soo App. A 4S 9 44) for the tranc* 
portation of irradiated uraniua to tho lag Starts* Building* end 
thence to tho ioperetioa Plaste* 

a* Ug Storage (»ll) Mldiy - To allow for additional 
deoay ot radioactivity and provide an adoquato ehleld during tho 
period* Lag Storage Bdildingo were planned for tho storago of tho 
Pilo vital (800 App, A 58). Tho dMlga of thooo building* eae to bo 
aiadlar to that of tho storago bee in* of tho Pilo Building* (Soo Far* 
6-10) * Arooeceed urenitm would bo brought into tho building* in a 
water tank on tho epceially deal goad railroad oar* During etorago 
tho buokota containing tho octal would reaaia hanging la tho pool* 
sue ponded froai tho overhead trolleys* la ordar to chook tho aotivw 
ity of tho vator in tho a tor ago pool* taoni taring oquipnant eae to 
bo provided in tho Lag Storage Building** 

b* Separation (211) Building* - Tho "dieeolving** of tho 
oaaa fro* the uranlwai* tho extraction* and the decontamination a tope 
wore to bo carried out ia tho Soporatioa Boilding (Soo App* A 54). 
Puapa and velvee could not bo ueed 00 tile prooeaa liaeo carrying 

■ 

radioactive aatorlalo because of the personnel contact required to 
aaintain stuffing boxee and valve ecate* The r e for e* deeiga had to 
provide for tr ana porting p rooe a a liquid* and elurrieo by sew other 
mane* This wee eoooapllshed by proriding "etoaa jot syjhone" 
(Soo App* A 65) specially designed and tooted to effect positive 
action with a w&nlmm temperature rise* Ceotrlfugce* adopted beoauao 
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of the charootarUtios of the preolpitata faraod la the UattoM 
Fluoride Proeesa* aero found advantageous, la ths process selected, 
m a means of avoiding book-flow or remit direotioa discharge at 
aotlTO solutions whloh might oontaaineta the areae oecupied by 
perac*rmel« A ?dalam of vessel si see and designe wm utilised, thue 
simplifying desiga and fabrication, and accomplishing aaadaun inter- 
changeability. "&ere agitatioa eee noeessery, it m decided that 
vessel* should bo flttod with paddle agitatore (Saa App, A 50) # 
developed ffaa extensive laboratory *nd ftall soelo tests. Agitator 
shafts vara given particular attention la design to avoid failure 
ia operation, siaee tho overhang would, nsoo a aarlly, bo great la 
or dor to keep tho drive free from prooaoo fluids • Agitator drivee 
an otudiad with groat eora to ainlniso failure daa to faulty 
grease peeking ia the a* tore mad faulty oil labrioatloa on tho 
driTO proper, Ia or dor to approach perfection la operation, strii*» 
goat opoolfioatloao wera issued to tha reader and a toot of each ualt 
prior to inatallatioa eee ordered* Solid-bowl, vertieal-ehaft centri- 
fuges (See App* A 57) awe developed for installation la the Separa- 
tion Plants and the moat aiaute attention wee givea to avoiding 
poesiblo failurec, Speoial streso teste under the aaziain operating 
conditions aero neoeeeary before the centrifuges eoald be aooeptod 
for use ia the process. Sew design fsaturee had te be developed be- 
oause of the remote oontrol and aalntonanoe requirements % windage 
had to be roduoed to avoid ezxtrainaont ahloh eight oontaainate the 
oellai and bydraulio devloes had to be Incorporated to effeot reaote 
oontrol of the sldjsaor and plov* 



sat 



(1) Building Design* - Because of the shielding re- 
quirements of the prooccs* the Separation Buildings were designed 
M massive reinforced concrete structures^ over 300 feet long* 
65 feet wide* and 80 feet high, with nail end roof thlekneeeee de- 
signed to afford adequate shielding* Aooese doors and stairways 
to danger tones had to be shielded and equipped with reaotely oozw 
trolled looks and a telephone syatca to afford constant surtelX- 
lanes* Aa intricate go— amieation system wee i no laded la the de- 
sign to enable a central dispatcher to direct all process operatione 
and the moveasnts of personnel into and out of danger son ee (See 
App* k 66)* It was deoided to locate the operating gallerlee along 
one side of the building on three l«vels a the lowest level for 
electrical controls* the in&erasdlate level for piping and re* 
note lubrication equipment* and the upper level for the operating 
control panel boarde (See App* A 54) « The galleries were to be 
separated from the process equipaent by a nlnlaua of seven fleet of 
concrete, and the processes controlled reaotely through auoh walls* 
Liquid level end density asters were tc be utilised in tracing the 
progreee of each operation* Cw-oporatcd 0 wm Iti pie-valve sessablioe 
were doeigxwd and given extensive tests for use in controlling steea 
supply to the syphons and preventing beokf low of radioactive process 
fluids froa the cell equipaent ia the operating gallery when the 
steea would be shut off* 

(2) CeUe (See App* 1 69) * - Design called for the 
location of all proocec equipaent ia oolls below the operating level* 
each cell being separated Area any other area by a alninua of six 
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feet of concrete and covered by large oonoroto b looks • Tho ooll 
openings were designed in stop fashion to prorldo adequate shield- 
ing* It was evident that each oonoroto cover would entail tho 
pouring of approximately 36 tons of oonoroto to dimensions at first 
thought by experts to bo impossible* U&ohined oast iroa forms were 
developed for the openings and covers • Host of the Separation 
Building operations wore to bo carried out la tho standard equipment 
group, consisting of a precipitator* a oatoh teak, a centrifuge, and 
a solution tank* and occupying two oells (oas sootioa) (See A pp. 
A 90) • 3o that a completely now unit of equipment could bo installed 
when needed, it was neoooeary that each cell bo designed to faoili* 
tato tho removal sad installation of proooeo equipment • Tho equip* 
meat was such that it could bo assembled and adjusted la a separate 
building* oarofully disassembled and thoa reassembled la any sell 
by remote controls Thie was made possible by staadardiilng on (1) 
tho buried piping (So* App. A «1, S2), (t) tho lateral and vertical 
looatloa of tho pipe flangee at the ooll walls relative to the a*» 
curate ooll floor which would bo eloped for drainage, and (3) tho 
exact looatloa of equipment guides (See App* A 54) fastened to tho 
walls at ths floor, which would receive trunnions attached to the 
vessel*. A pieoo of equipment would bo lowered into a ooll to rait 
on tho sloped floor with its trunnions fitting into tho guides, 
thus spotting tho equipment so that each pieoo of pipe, previously 
fitted ia tho assembly building to oomeet tho wall flange to tho 
equipment flange, would fit accurately* Pipe connections ia the 
ooll could bo made by a specially designed sad tested connector 
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(See App» A 63) consisting of three Jaws and a single stud which 
oould be tightened or loosened by neans of a remotely controlled 
impact wrench, also of speolal design* The equipment in a oell 
(generally two pieces, sons tines one) with its connecting piping 
would constitute a complete unit which could be installed in any 
oell, thus effecting inter changeability and allowing for major pro* 
oess changes • This was imperative because the processes were not 
clearly defined until design was a Laos t oomplete, and because equip* 
stent failure under radioactive conditions not tolerable by personnel 
would require abandonment of a oomplete oell and ite equipment, if 
it oould not be removed by remote control* Speolal gaskets would be 
required to withstand the corrosive conditions of the prooess and the 
mechanical stresses Involved in naklng a connection with the impact 
wrench* Veesels were to be fitted with noiee piokupe and vibration 
detecting devloes to assist the operators, id&o would, of course, not 
be able to see the equipment. Design of cell and trench floors, 
walls, and oover blocks would oall for unusually careful work to fill 
in all pin holee in which active material sight lodge and make them 
unapproachable * All of these surfaces had to be specified for paint* 
log with a speolal paint that would offer resistance to the acid coo- 
ditions, be smooth enough to permit easy washing by water sprays in 
the cell walls, and be adequately adherent to the oonerete* Cleanli* 
neee and freedom from corrosion that would plug the s tco m Jet syphons 
were subjects of constant concern in deeign and construction* 
Speolal sampling devloes- were designed to permit safe sample talcing 
from the oell vessels (See App* A 64)* All pipe passing through 



1 oonaroto waa to ba bent la special ourroa to avoid diroot pathi for 

radioaot 1 vi ty# 

(3) 3flnl»«» it— 1. - Pipe >ad Sg^lf nt. • Thm 
eorroaioa ■•▼•rity of thm otanioals inrolT«d s and thm rwoesilty of 

■ 

avoiding vaaaal and plpa falluro* diotatod an axtanaivo aatallargieal 
study* Tha only aatarial that would approach tha naado waa 16*12 Cb 

i 

ataittloaa ataal* Baoauaa it waa aaa aa aary to giva thia aatarial a 
apaaial haat tra a taa n t aftar f abriaatio^ at about 2060 da y a a Fahran* 
halt, a apaoial haatwtroating furnaoa waa dealgnad for tha Separation 
(200-B) Area, la ordar to amid tha dalayo and unoartaintloo attending 
ehipaeat of iteae long dletaaoee* Sinoe 26*12 Cb atalnleee ataal had 
not been nada previously la large coanaroial quant it lee* tha largo 
tonnage ra quired and tha etriagent a peelf ioatioao inpoeed made it* 
I manufacture T»ry unattractive to alloy*eteel aills* Elding rod 

apaaif ioatiooo had to ba obtained baoauaa fabrieatoro vara unfanillar 
with tha technique of 26-12 Cb ataialaoo ataal welding aad heat- 
treating* Tha high voiding teaperaturee raquirod would oause coo- 
aidarabla diotortion of noeelee* braeketa* aad tank bottoaa ualooa 
auitablo precautions wara taken* It van olaar that pi pa fabrioatoro 
would bo reluctant to accept tha taok of produoing 26*12 Cb etaio* 
loaa ataal waldad pipo (26*12 Cb ataialaaa ataal seaaleee plpo oould 
not bo obtainad) * It waa only by pereuaelon* oooataat attantioa # 
and a vary early a tart that thia typa ataialaaa ataal oould bo ob- 
tainad and tha fabricating teehniquee developed* 

(4) Cranap * 4 apoaial 76«ten bridge oraao (Soo App* 
k 64) waa designed for handling oall aad tranoh cover block** 
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vessels, plpe» and ineoming buckets and aotlve octal and far replacing 
and eerrioing remote ly the prooeee equipment* Since the radioactivity 
would be considerable whoa the oell oovers vara rtarf«d« the crane 
design oa Had far an operating eab entirely analoaed with sufficient 
lead and steal shielding te proteet the personnel within* It would 
alee have te be equipped with e aesnc of permitting normal operation 
for lifting equipment end for manipulating the impeet wrenches • Two 
large specially designed perisoopee and two television unite mere 
deelded upon for thin purpose* The tihiting Corporation agreed te re* 
rice its standard arena design to provide Tory low spoode* which 
would afford the arena operators Maximum control* in accurate plaoa 
sent of items* with only monocular vision through a periscope and 
without manual oooteet with the equipment being serviced* Contract* 
lng eelcre were specified for cell groufe to assiet the crane 
operators in handling block* and equipment* 

(5) Inc trecento + - Despite the eimplieity of the 
•epcration prooeee ohemietry* the requircmonte of re mo t e operation 
and health protection necessitated the use of neoy specially designed 
IzMtrumentCt in addition te an extraor dinar i ly large amber of the 
usual industrial typce* Special design wee required for inatrumente 
neaeuring radiation throughout the process (See App« A 68) and for 
Tleible and audible aide to remote operation* It wee decided to use 
standard industrial recording end indicating Instruments « adapted to 
suit the prooeee requirements* te follow temperature , pros rare* end 
density changes (See App 0 A 68) « All visual and recording 1 astro- 
seats in the Separation Buildings were te be located on penel boards 
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la the upper* or operating, gallery (Sn App. A 67*69) • 

o« Concentration (224) Building* - After processing 
in the Separation foilding* further deeontaalnatioa and bulk re* 
fruition of the crude product would be oeoeesary* It was olaar that 

- 

the activity level of tha plutoniua solution fro* tha Separation 
Building (Sn App* A 70-T1) would bo sufficiently low that tha da* 
alga of subsequent processing equipment and shielding ooald bo 
■edified* oa tha aaeuaptioa that veeselo ooald bo worked oa di- 
rectly for aaintenancc* aftar relatively little deoontanlnBtion* 
Therefore* tha Concentration Buildings vara designed to use tha aaaa 
typaa of equipment aa vara to ba uaad la tha Separation Buildings* 
aodiflad coaawhat whan seringa oould ba effected* Shlaldiag and r*» 
■ota oontrol would still ba required* bat oqulpnsnt for reaote Main- 
tenance, such aa tha apaoial pi pa oonaeetor** irould no longer ba 
asoeesary* £ven though tha radioactivity would daoraaaa «a tha pro» 
daot waa pur if lad and oouooutaratcd* it would still ba sufficiently 
high that direct ooataet or iagaatloa would hare ta ba avoided* 
Tfeia required shielding of personnel flrcn p rooa s a equipment* resote 
oontrol of operations* and earaful vsatllatioa* Alae tha estrone 
Talue of tha produat made it ncosessry that aay spills or leaks would 
have to ba reoovered* no natter how alnute* This, and tha need for 
thoroughly cleaning any process equipment before it oould ba ap- 
preached* necessitated that all surfaces ba smooth end fVee of 
poo teste end pits* 

Am Isolation (281) Building* * The final proc es s step in- 
volving equipment soaeahet sinilar to that used la the previous 
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*t*P*» but on a snaller scale, would bo performed in the Isolation 
building • Although little redioeotirity would be encountered in this 
phaae of the process* it wu deoided that specially designed hoods 
should enclose the o qui punt because of the danger of inhalation or 
ingoctlon of the highly toxic product* Tho value of the produot r+» 
quired that all natal parta ahould bo ground Aree of pita and othar 
blonlsheo in or dor to avoid excessive holdup of produot in tha system. 
Closely oontrollad ventilation and air conditioning would ba required, 
aa nail aa o xtroas ly efficient filters en tha exhaueta fran tha hoodo* 

to prevent contaminating tha discharge air* 

* 

e # Prooooo fleets Storage (841) Araa* - For reasons of 
health and security, it wae decned aaaantlal that tha active prooees 
wastes bo stored undor ground until audi tisw aa propar dlapoaal of 
tho was too oould ba nads* There for e # deelgn of tha Separation Arena 
oallod for a 3teete Storage Area in eaoh of tho Separation Plante* 
AotlTe prooeea weetee were to be brought into thia area in buried 
lima terminating in transfer bonee* By altering oonneotlona in 
thaae boxee* the flow of wests oould be ohanged ttcm one tank te 
another aa desired* The boaoM oontained pipe oomeotione equipped 
with the aaaai reaote aaintenanoe faoilitlea provided in tha Sopara* 
tion Buildings* Ft on the trsnefar boms* burled lines ran to the 
tank* whioh were of steel set in co ncr e te * It waa necessary that 
the tanks be buried in order to eliminate radiation hasards* A 
oaeoade arrangement, in ^roupe of three* wae designed to allow the 
suspended solids, containing the bulk of the radioactivity* to col- 
lect in tha first tank in eaoh aeries (See A pp. 1 72) * The aubaequent 
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tanks oould than be emptied when the activity had decayed to a e&f* 
level, thus increasing ths wait* disposal capacity, Sinoa aost of 
tha active was tec (uranium ■olutlan and firat fission product pracipl- 
tata) would eventually haat up to boiling tanks for thaaa waatee vera 
to ba aqulpped with air-cooled reflux oondensers so that they would 
not boll dry* Tha othar tanks wara to ba provided with oatlata an 
which oondansara oould ba installed If required. Each ".Ifaete Storage 
Araa was designed to contain IS tanks* 78 fast In diameter by SS tm*% 
deep, and four tanks, 20 faat la diameter by 28 feet deep, Tha low 
activity wastas froa tha prooass buildings sad tha daoayad was taw 
from tha tank fara oould ba stored in a retention pond and dllutad 
with cooling watar from tha proesas buildings* 

f , Tontilation (291) Building* - Aa with tha PI la iroas t 
It was arldant that a rsntilatlon system, 1 no lading a stack, for 
tha disposal of various plant gas as would ba necessary, tfastc ga» 
from tha dlssolTar (Saa App, 1 78) oould ba dllutad with tha venti— 
lating air from tha Separation Building at tha base of a 200-foot 
•tack and disoharged to tha atmosphere. It waa plaaaad that approx- 
imately 60,000 cuble feet per adnata of ventilating air would ba dis- 
charged to the stack by two sleetrioally driven fane, or la tha 
•rent of pow e r failure, by a stand-by steam-driven faa, Tha rank 

lines froa the top of tha dissolve? condensers would be run under— 

■ 

ground flrom tha Separation Building to tha stack, Tha waate gaaaa 

■ 

would then ba transferred to tha stack tqr aeana of steme-Jet ojecrtore 
1 coated Just before the stack (See App, A 74), These Jete would 

alee serve to keep tha dissolver under a ■ light vacuus and thus 

■ 

6*20 



prevent leakage of the radioaotive gases into the equipment cells • 
Ventilation air would orrtor the Separation and Concentration 3uild» 
ings through inlets placed la the Areot atair toware and would thoa 
be drawn into the calls through saall araoke left betwwoa the oell 
ocrrers and the floor* Fran the eel la* the air would be oolleetsd 
ia a large duot buried ia the oonorwte and exhausted through a 
buried duot by the ventilating fane looated ia the Ventilation 
Building* 3inoe any drainage oolleoting ia the base of the otaok 
night be radioactive* buried lines aero doeigned to take the drala* 
age to the Separation Building sower systso* 

g* Water aystsia * • Ioterooaasoting lines from the Pile 
Areas wore designed to supply the Separation Arses wit* water for 
grosses cooling* sanitation* aad etean generation* Eaeh Reparation 

Area was to oontala a three aillion gallon* oonorete* storage re* 

■ 

ssrvolr whioh would be oapable of supplying the ainira requiransgts 
for a period of three days ia the event of a aajor easrgonoy* Aa 
800 gallon per admte filter plant was alas deeignsd for aaoh Area 
to supply fil tared water for the power pint* for aaaitary serTioee* 
and for certain prooeas equipaent* 

Bt * m Syaten* - It was neoessary that each Separation 
Araa be equipped with a boiler plant baring threw hollars* aaoh 
oapable of produeing 80,000 pounds of atean per hour at a pressure 
of BOO pounds par squaro inoh and fired by spr cedar stokers* Steaa 
would have to be distributed throughout the araa for prooeas aad 
heating requirements* Eaoh area waa also to be equipped with a 
760-kllowatt energeney turbo- generator siailar to those planned for 




the Pile 

1« ffrteorologloal Station* « It «u mmiiry to include 
In the design of the Separation Areas a weteorologjLeal station for 
oeouring the weather indorsation neoeasary for the scheduling of 
operation* la the Separation Buildings^ The s tatloa wee planned te 
eons 1st of a 408«foot tower* oriented eo that the Inetruasnt boo— 
would be pointed la the direction of the prevailing wind* end build* 
Inge for housing equipment for the aeaeureaeat and reoerdlng of wind 

■ 

direction, wiad velocity* relative humidities, aad air teaperatures • 

J« Separation Seal-Works • * Separation Area deal pi in* 

««— — — — — — » 

eluded a seoUvorka for all the prooessee ear r led oat la the Separa- 
tion fluildiags, Thla ssed-erarka would be looated la the head-end of 
the Separation (£tl-T) Building aad would oontain equipment siailer 
to the aetaal prooeee pl eo e e but oa a eaaller soale* providing the 
equivalent of three standard sections aad a diasolver* Slnea the 
•eni-works wee to operate with active prooeee aateriala* It required 
the provision of the shielding that was te be provided for the pro- 
duetioa units* 



■ 
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3ECTI0I 7 - 3IIRVICK UTILITIES 

* 

7-1* 36ntrtU •» Of oar ly consideration in the design of the 
Hanford Engineer forks wu the supplying of adequate electrical 
power, connunioatlon, rail, and highway facilities to all c ob- 
struct ion, operating and housing areas (See App* 4 5)* Because 
of the magnitude of the Project and the consequent demand upon 
these facilities, it was necessary, not only to expand the existing 
facilities, but to design additional new and reliable power and ooe» 
ami oat ion lines, roads, and railroads* 

7-1, Power Transmission and Distribution* • At the inception of 
the Projeot and the beginning of the studies for the design of the 
power system, it was indicated that approximately 140,000 kilcrolt- 
amperes at 95 per oent power factor would be required* The point at 
which this power was to be taken was the Midway Station (See App* A 2), 
a substation in the twin 280 kilorolt lines between Sonne ri lie and 
Or and Goalee Deae* It was realised that the use of this osioh power 
would affect the entire Boanerille Power Administration system and that 
the nature of the Pt-ojeot dictated not only the quantity but also the 
quality of power* The greatest stability possible was required since 
an interruption of serrioe might result in disaster (See See* 5)* As* 
design and research were carried cm simultaneously, the estimated 
power demand varied during the design period from the original 140,000 
kllovo It-amperes to a final figure of 86,000 kHorolt-amperes* 

a* Off - Area Modifications* * An electrical engineer was 
assigned to the engineering office of the Bormerille Power Adadniitri- 



7.1 



tion la order to neke calculating-board studies and reoosasndationa 
for alterations ia their system which would plaoo it la a more 
•tab la condition. As a result of these investigations the Haaford 
Engineer Aorke aided the Bonneville Power Administration ia obtain- 
ing priorities for a seoond Coulee-Covington 230 kilovolt lias and 
a Coluabia-lficiimy 280 kilovolt Uas« Aa addiUooal 50.000 kilovolt- 
empere, 230 kilovolt to 118 kilovolt beak wee installed at Ittdeay 
Substation. Aa extensive oarrior otureat relay 9jmUm to Improve 
system stability by speeding up oil eiromit-fareskar operations, re- 
arrangement of Coulee-Midway buesee, sai sectional! siag the Beaasrllle 
transmission system mere reoo— ended • Automatic* rapid breakers and 
carrier our rent transfsr tripping arrangements to isolate automatically 
the Haaford Knginoar Works load and the tmo generators at Bonasvllle 
ia ti*e event of a loss of both Midway-Coulee lines mors also ro o cn^ 
mended* 

b. Area Transmissloiu - For trenemissiom within ths 
plant area it mas considered eoonomioal to use a 280 kilovolt loop 
(See App« A 5) involving approximately 68 miles of 880 kilorolt 
aluminum eondnetor transmisslom lino passing near eaoh of the five 
operating areas* This loop oould bo fsd from either end* causing 
a power flow ia either direction* seotlanaliied* and equipped with 
carrier current re ley proteotioa for the automatic isolatiom of 
faults* All of the 880 kilovolt traasaissloa linee cons trusted 
(See 7ol« 5) were to bo of tho two pole, three wire* suspension 
bell-insulator type using aluminum stranded wire* sad 70 to 86-JPoot 
wooden poles with a 50- foot oross arm, allowing a 24-foot minima 



clearance between cables. The loop na designed with an overhead 
ground wire and underground counterpoise for additional protection* 

c* Area Distribution* • One substation for the two Sep* 
aration (200) Areas and separate substations for eaoh File (100) 
Area, where the roltage would be reduoed fron 280 kilorolte to 
13 *f kHorolta* were incorporated in the design for distribution 
within the areas* Secondary substation for further voltage re* 
duo t Ion wore Incorporated within the plant areas* All min plant 
transfornsrs were of identical design so that they oould be inter* 
changed* Power for the Richland Are* is conducted by aaans of an 
existing 66 kilovolt line extending between Pasoe and Hanford* 
The source of power for this line ie e Boanerills Power Administra- 
tion line* the redaction being accomplished at the substation at 
Pasco* This 66 Idlorolt line wae acquired in fee within the fro* 
jeot bounder ioe ftron the Paolfio Power and Light Conpaqy *nd corvee 
no outlets other than Richland and the Metal Fabrioation and Toot* 
log (300) Area* In case of outage below the listal Fabrication and 
Tooting (300) Area or Richland* power nay flow south fir on the Han* 

ford substation* 

7-3 « Cc— nnioatlons* * The design requirements for the Hanford 
Engineer *crk» telephone systen required switchboard positions at 
Hanford and Richland and stations located in the six manufacturing 
areas* Beoause of the classified nature of the Arojeet* it was 
considered advantageous for expediency and fron e ssourity stand- 
point for the fundanental design of the ooenonications systcoi te 
be undertaken by the IV ins Contractor with the consultant serrleee 
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of the American Telephons and Telegraph Company and the collabora- 
tion of the Chief Signal Officer* Final designs vara submitted to 
the Area Hnginaar for approval and than to tha office of the Chief 
Signal Officer, Plant Engineering Agency, Hiiladclphia* Upon ap- 
proval by the latter the deaigne were aent to the Signal Officer * 
9th Service Command, for execution (See 7ol» 5)» 

7-4* Roada and Railroader • The iaolation of the Hanford Engi- 
neer ttork* aite and the diatanoee aeparating the varioua aanufaetur* 
ing areae aade the establishment of a complete transportation ne t * wo rk 
a neeoeeity* An extensive system of roada and railroada wma deeigned 
and cone true ted (See App* A 2) to expedite trenefer of the enormous 
quantities of construction equipnent and materials to the varioua 
areaa aa well aa to provide adequate transportation facilities in 
caae of an emergency in one or more of the areaa during plant opera- 
tione. The design and epeolfloationa for area roada and railroads 
vera prepared cm the aite by the Prise Contractor* a Engineering 
Section* These were then submitted to the Prime Contract or* a Design 
Divieioa for final approval and layout* 

a« Roada* • Deaign of the plant road system was baaed 
upon the great peak oonatruotloa requirement* and upon traffic needa 
during the operating period in the event that aaee evacuation of the 
operating personnel sight be necessary* Aa the reeult of aa inreetl- 
gatiom Bade to determine the availability of aateriale on the plant 
site and the feasibility of building gravel roada for permanent 
usage, it was found that it would be neeeesary to use aa asphalt- 
bound road owing to the lack of sufficient binding material in the 




local gravel deposits* It was also disclosed that the Washington 
State Highway Department had found an oil surface road most eoonomi- 
oal over a period of years « A two-inch thick, bituminous aat sur- 
facing oror a flve-inoh gravel base was adopted as standard design 
for the majority of the plant roads* It was decided that seal coats 
with non-skid surfaoes should be applied to all main inter-area plant 
roads* All road building materials, except asphaltio road oile, 
oould be produced from local sand and gravel aggregate pits* The 
final road system serving the Hanford Engineer Works is comprised of 
approximately 350 miles of roads without regard to width* surface, 
car classification (See App« B 2)% The main roads o one 1st of two 20- 
foot lanes with a 10-foot separation strip between opposite traffic 
least* Primarily inter-cennectiag roads and area approach roads are 
50 feet wide* Intra~area roads vary ia width ftrom 12 to 20 feet 
(See Vol* 5)« 

b* Railroads « - At the time that the site for the Hanford 

» 

Engineer ftorke was chosen, the loeal eoononities embraced at the site 
were ssrved by the Priest Rapids Branch of the Chicago, Milwaukee, 
St* Paul and Pacific Railroad, whioh extended southward on the west 
bank of the Columbia River tram Beverly Junction te Hanford, a dis- 
tance of 46 miles • The southern portion (approximately 25 ailee) of 
this line lay within the Project and wae taken over by the Government 
in April 1948, Since rail transportation direct te the working areas 
would minimise the rchandling of oonstruotien materials and equipaant, 
immediate stops were taken to put these existing tracks in condition 
for the heavy sarvioe anticipated, and design for the permanent area 
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railroads waa started so that thsaa tracks oould ba usad during tha 
oanatruotion period* Dsslgn of arsa railroads waa dividad inta two 
a last if iaatlon* t 

1« Prooaaa Tracks * Thoss tracks char aetari sad by 
haarisr rail and widar road bad, error which ir- 
radiatad uraniiM would ba tranaportad bat Man tha 
?lla # 3toraga» and Separation Building* • 
Zm Sorrloo Tracks - All otiiar traak, iuoh aa that 
uaad for transporting dry and liquid ohaaloala, 
ft»i 9 oqui^eatg and aatsrlals* 
It waa daaidad that prooass traeka should ba laid with batk now and 
usad rail wslghing °** thflka 8 & pounds par y*r4« using So* 10 
turnouts* Far safety raaaans it as oanaidarad n ooo s sary to widaa 
tha standard raad bad toot ion f ran eighteen to tsanty-aigh* faat for 
tha approxlaataly 40 ad lee af prooass track* Sarwies traeka wars ta 
ba laiA with usad 81 ta 8f pound rail* using le» t turnouts* Both 
now and ussd rail* aa wall aa traok natarlale* except for ballast and 
gr*d» natarial Mil ah wore produced on tha site, vara pro our od through 
tha Cor pa af Sngineera* Tha Hanford Sngiaear Tories is served by ay* 
preslaately Uf ailee of standard <;su&e t singla traok railroads * ia» 
eluding a ssrsn track classification yard at River l&od* *iiiah has a 
oapaalty af 2£1 oars *nd is tha point of interchange between tha 
Chi saga* Milwaukee, St« Paul and Pacific Railroad and tha plant 
eye tea which ia oparatad by tha Pri;as Contractor. Rail ssrrioe is 
provided ta tha Pi la and Saparatian Arias, tha ilotal Fabrication sad 
Taatlag Area, Riahlaad Village, and tha Adniniatratian Area* Inaludad 




in the above total are approximately 26 3d lea of the old Milwaukee 



Line from Vernite to Hanford which 



reconditioned for 



plant usage (See Vol. 5). 
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8-1. General. - The planning of the Hanford Engineer ITorka 

■ 

envisaged the fact that the surrounding coanunitioe would be able to 
supply 11 ring faoilltlM for only * wry snail portion of the opsrat- 
Ing personnel. Consequently, arrangements vara made and plana da» 
voloped to oonstruet a Tillage for tha production workers and thair 
famlliee. Tha loeation s a looted ia in tha ■outhernmoet portion of 
the ftrojeet at the site of the town of Richland. Although tha 
Tillage was designed for the uae of the operating personnel and their 
families* ita oonstruet ion wee expedited for the purpoae of making a 
portion of the Tillage temporarily aTai labia for oonatruotion pare on* 
nel« Rio bland wee unlike moat war housing projects in that an entire* 
ly new Tillage had to be o one true tad where, for all practical purposes* 
none preTiouely existed. It was not simply a case of extending exist* 
ing water * sanitary* and eleotrioal facilities* but of constructing 
entirely new system. Existing commercial and recreational facilities 

■ 

were not adequate and additional facilities had to be provided. 
Speed of oonatruotion was paramount ee that in moat caaea only a 
minimum of study could be given to the Taricua probleme and questions 
aria ing before arriTing at decisions or determining policy. 
8-f. Site. 

a. Selection . «• In the selection of a site for the Hanford 
Engineer fork* Tillage the Tarioue conditions vhioh had to be met made 
the choice of Richland more or less automatic. Obviously, it was 
desirable to locate the site as close to the major process areae ae 
practicable. In addition, the use of an existing Tillage or town 




site ni highly desirable because of the fact that the neoeesary grad- 
ing oould be kept to a minima* and uee oould bo made of existing 
buildings *nd facilities* The nature of the plant and the produot to 
be manufactured required that no liring or housing facilities oould 
be located closer than 10 miles from any File or Separation Area* 
Although this condition was later modif led, the sitee im that portion 
of the Projeot known as land area "A* (See App» A 3) wwre still not 
suitable* It was not desirable from a security viewpoint te locate 
liring facilities close to an operating area* Thus* since then was 
no town within a reasonable distance to the northeast or west of the 

Project* the location naturally narrowed down to the two oloeest 

■ 

towns to the south* Richland and Benton City (See App* AS)* Inaswnch 
as the Government had already acquired Uchland (Sec Vol. 4)* its 
i selection was a natural one* 

b* Description* - The entire Tillage of Richland consists 
of approximately 2500 acres gently rolling and sloping from northwest 
to southeast* It extends about two and three-quarters miles in a 
north-south direction and approximately one and one-half miles in an 
east-west direotion* Situated as it is in the bottom land between 
the Columbia and Yakima Sixers* it is only a few hundred feet above 
sea level* The elevations very from 530 feet above asm level at the 
msan level of the Columbia River to 410 feet above sea level at some 
of the higher points in the western portion of the village* 

o* Ck-iginal Tillage of Richland * - The original village of 
Richland* located in the triangle formed by the confluence of the 
Columbia and Yakima Rivers* had a population of approximately 250 
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penoni within its Haiti • This comprised about one- third the ter- 
ritory of the proiont Tillage* The population of the entire Richland 
f ita nuabared approximately 600 persona , Tha elide and oommerolal 
oantar of tha exiating Tillage waa grouped around tha main highway 
between Paaco and Hanford, now known aa George Waahington ^*ay (3#a 
App. A fl)* Moat of tha buildinge in thla vicinity were of common 
red brick or cement block and were aubatantially built* A number of 
reaidancaa were grouped in thia vicinity also* but tha major portion 
of tha aita waa a rural region coneieting of rarioua email farma and 
or char da with a eat tared residences, barns* and other farm building* 
Tha eantral portion of tha Tillage had an underground water ayatem # 
fad tram a driven well^but no eantral aewage eyatem waa presided. 
There waa a email* modern park and oomnity area, including a con- 
crete ewinadng pool* The local grade achool waa a modern type 
comparable with thoae in many large eitiea. Moat of the reaideneea 
of the area had e lac trio eerrioe and many had telephone aervloe* 
The village had no organised fire protection eyetemf rural fire 
fighting nethoda* and equipment available froaa lannewlok and Paeeo* 
were relied upon* The roada of the area ware mainly of the gravel 
or packed earth type and aome were aaphalt~etabiliaed* 

8-3* Sew Ri oh land Tillage* * Batimataa made in March 1943 
indicated a minimum requirement of 4000 operating employeea for the 
manufacturing plant* Initial Tillage design provided for the 
houaing of 6500 persona, with poaaible expansion to 7500 persona* 
thia figure being baaed on the assumption that 40 to 50 par oent of 
the employeee could find accomodations in a unrounding comunitiea* 
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In /una 1945, however, it became evident that r trie ions war* neoes- 
iiry a The difficulties in obtaining housing in the surrounding 
oommitiss had by thi» time become evident and it was agreed that 
only a very small percentage of the operating forces could obtain 
adequate housing outaida of Richland* Consequently, the proposed 
site of the village was increased to 7750 persons, with a possible 
expansion to 12,000* A Laos t immediately after this second estimate, 
rapid changes in conditions indicating the need for increased plant 
operating forces raised these figures, until, by September 194*, it 
was a g ree d that housing would have to be provided for a total popula- 
tion of 18,000 persons in Richland* After 1 December 1941 all design* 
lug and planning for the village was based on this revised estimate. 
Up to this time, all plans for the village had been based solely on 
the requirements of the operating department* Although a portion of 
the village was te be made available far construction personnel, it 
warn fslt that the increase in the operating forces and the decrease 
in the construction forces would dovetail sufficiently so that no 
additional housing would be necessary for construction employees • 
During 1944, however, it became apparent that there would be an over- 
lap between construction and operation forces sufficient to mate 
further studies on the problem desirable* Consequently, housing for 
500 oenstruotion families was provided during the overlap period* 
This placed the estimated peak population of the village at 17,000 
to 17,600. Because the ftrims Contractor was not abls to spars the 
necessary personnel from work on the plant and its other war projects, 
the general village layout and the design of the living quarters and 



easraereiftl buildings ra subcontracted to (J* A* Pehrson 0 a reside at 
arohiteot-engineer from the lorthmest (3m App* C 14) • 

a. Administration Area* - AdministratiT* faeilitiea for 
the Hanf ord Engineer Works are located in the oentral portion of 
Richland Village* The Administration Area (See App. A 6) was designed 
by the Prime Contractor and included the heating plant, repair shops, 
oentral supply houses* laundry for plant work* administration build- 
ings, telephone exchange, control laboratory , end freight terminal. 
This area was ereoted on a plot 1200 fast by 1460 fas* and contains 
approximately 40 structures of various types* Its heating plant vas 
designed to furnish osntral heat to all monioipal and oommsroial 
buildings within a reasonable distanea* 

b* Housing Facilities ♦ - The graatest single problem 
oneountarsd in the design and planning of the lanfcrd Engineer Works 
Tillage at Ri ah land mas the determination of the numbar and types of 
housing units to be built* This difficulty vas heightened by (1) the 
fast that it vas difficult to determine in the beginning mhat the 
actual operating foroes mould be, and (2) the estimates on the housing 
available in the nearby towns flnotnated considerably from tins to 
time* As finally designed, the housing units in Richland Tillage 
ino luded new and existing houses, dormitories, and a hotel* 

(1) Housss* - At the start of the Tillage eonstrus- 
tion, there ware approximately 200 existing residences in ths general 
ricinity. It was at first estimated that approximately 75 to 100 of 
thess would be aada a permanent part of the new Tillage. Howevwr, 
further study reduood this number considerably bsoause of the amount 
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of work required to renovate them, since, in some oases , the oost of 
renovating was estimated to be higher than the eoet of building an 
entirely new house. As of IS February 1945 approximately 26 exist* 
ing houses (called Tract Houses) were in use in Richland. It was 
determined after considerable study that three olsssee of houses, 
costing approximately $4000, $6000, and $760<\ respectively, should 
be constructed* Wood construction was adopted in the interests of 
economy and speed, but its use dictated a greater than normal spac- 
ing between buildings, to eliminate the conflagration ha sard inherent 
in closely grouped frame buildings in an arid country. 

(*) Types » * Ihen the firet population estimate 
was arrired at, the following conventional type houses were approved 
and authorised for Inediate design and constructions 

80 - 17500 Class 
400 - $6000 CIsm 
500 - $4000 Duplex Units 
JLs the population estimate rose to 7500, a second group of 1020 
houses (similar to the types listed above but including also 100 
one-bedroom apartments) was authorised* On 25 September 1943, a 
third group of 1000 was authorised, bringing total authorisation to 
date to 3000, with population estimate set at 12,000* On 3 Sovembor 
1943, the possibility of using prefabricated houses in the village 
was investigated, this study indicating that this type of house would 
be suited for use in Richland* particularly in view of the speed 
with which they could be constructed* As a result, approval was 
reoonaended for the purchase of 300 one-bedroom and 100 two-bedroom 




prefabricated houses, 24 feat by 16 feat and 24 faat by 24 feat, re* 
•peetirelyi at the «aa* tins it was reooanended that 100 one~bedrocK 
apartments, previously authorised in the conventional type lists, be 
aancelled and 100 additional one- bedroom prefabrioatad houaaa be sub- 
stituted* Theae reeomendations vera accepted with the result that, 
af 5000 houaaa now authorised, 2500 were to be of conventional type 
and 500 of prefabricated type* However, ainoe the construction con- 
tractor for the conventional type houaaa was on the Projaet site and 
had faeilitiea ismedlately available and ainoe sose delays vera ea» 
oountered in arranging proouresent of prefabrioatad houaaa, it vaa 
re co— ended that 700 of the conventional type houses already author** 
ised (consisting of 666 duplex unite and 44 four-bedrooa houses) be 
designed and oonetrueted ianediately* When the 16,000 population 
eetijaata had been agreed upon, authorisation vaa reoeired for an 
additional 800 prefabricated houses of all aisaa, bringing the total 
houses authorised to S800+ On 6 May 1944, 500 prefabrioatad houaaa 
for eonatruetion personnel were added to this figure* These, to* 
gather with four prefabricated houses procured for study by the Ares 
Engineer, brought the total mnber of all types of new houses author- 
ised for the village to 4504 » These sere broken down as follows t 
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Prefabricated 


400 


800 


800 




1800 


14000 




1040 


816 




1886 


16000 
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500 


97500 






84 


60* 


144 


Author ised 


400 


1840 


2000 


60* 


4500 
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lfll 2B8 3Ht 4M Total 



Prefabricated houaea 
procured for atudy 2 2 4 

Total ATailabla 401 1841 1000 60* 4204 

(oOn* km Ibumm Pablio Boalth Cantor, aaa lpp« B Si, paga 5t, 
Cote 116S.) 

(b) Layout * • la tho layout of tho houaoa in 
tho rlllago orary attoapt m aada to toJco adrantago of axisting 
torraia la or dor to ainiaiso grading and landaoafing* lo particular 
offort waa nads to sagrogata tho houaoa by typos, bat by tho tiao tba 
profabrioatad hoaaoo aoro dooidod upon* tha only portion of tho 
rlllago loft la aliioh to looato thaa vaa along tha aaotora odgo* 
Consoquootly, tho aajority of tho profabrioatad hoaaoo oro looatod 
la tho aaotora portion of tho rillaga* 

■ 

(o) Furnishings* - Boooboo of tho laolatoi 
looatioa of tho Haxtford Enginoar Works, and tho foot that aoot of tha 
oonatruotlon oapl oy ooa woald Ufa la Ri oh land for o rolatlroly ohort 
porlod of tiao, it aaa rooognisod that fornitaro would havo to bo pro* 
Tldad for thoao individuals nark owning furnituro, oo wo 11 ao for thooo 
aho aaro osablo to hava thoir fornitaro thippod to tho ftrojoot* la 
purchasing, ovary attaap* aaa aada to prooaro darablo fornitaro oost» 
■istont with good taoto and ooanoay, frantically all of tho houaaa 
in 11 oh land (oonvontlonal, profabrioatod, and oziatlng hoaaoo) waro 
provided with oortain baaio itoas of furnishing? « Thooo inolndod 
on olootrlo refrigerator* olootrio store, olootrio wator heater, 
50»foot hoao ino lading a spray sad nossle, and garb ago eon* 

!• Conventional Typa Hoaaoo » m A total 



of 1175 sets of aaple furniture was purchased for use by construe- 
tion personnel* but at no tin* aore than 900 of these houses 

furnished* The remainder of the furniture was used for furnishing 
tract houses or for supplying furniture for operations employees who 
vers transferees from the construction roll* 

2* Prefabricated Houses* • All prefabri- 
cated houses were purchased furnished* Most of the furniture was of 
plywood construction similar to the house itself* 31 nee space was 
the major requirement in a prefabricated house* many of the chairs 
were of the folding type and furniture was selected which would take 
up as little space as possible* The beds* for example* had no head 
or foot* but were supported Instead on six small legs • In the coxe» 
bined living-dining room* the table* when not in uee* folded to a 
very small siie. 

(d) Heating* - Li gnite-bur ning hot-air furnaces 
were selected as the least expensive and best method of heating the 
conventional type houses because of the arai lability of lignite in 
this section of the country and of the low installation cost* Blee- 
trioal unit heaters were selected for the prefabricated houses as 
the result of an extensive study made on available eleotrie capacity* 
divers if ication of loads* and advantages of lower requirements for 
ooal* 

(2) Dormitories * - The earliest estimates and plans 
called for the construction of men f s and women* s dormitories* Hov- 
ever* the aotual number of each to be constructed remained indefinite 
for some time. In lovember 1943* eight men's dormitories* each 
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housing 38 persons* and eleven women's dormitories t each housing 37 
persons, wore authorised* One room was provided in eaoh women's 
dormitory to serve as a washroom or laundry room* By December 1943 
it was realised that additional women 9 s dormitories would be neoes- 
sary because of the large number of women to be employed by the 
operating department* Consequently* six additional women 1 s dormitor- 
ies were authorised* The first nineteen dormitories oootained both 
doable and single rooms* but the last six contained double rooms 
only* and the capacity of each of theee six was thus inor eased to 
SO persons* These twenty-five dormitoriee provided living quarters 
for approximately 1000 persons and were served by the oentral heat* 
ing plant in the Administration Area* 

(3) Hotel * - A transient quarters or hotel was in- 
cluded in the plans for the village* and it too went through a series 
of changes. Originally this building was to house SO guests* but 
through subsequent additions, its capacity was tripled to aooonmodate 
at least 150 guests in its 114 rooms* Furnishings in the dormitoriee 
and transient quarters were similar to those in the conventional type 
furnished houses* 

e* Ccgaeroial Faoilitles * - The determination of the 
number and type of ooasmoreial establishments necessary te ssrve 
Richland efficiently was oomplioated by the ever changing population 
estimates* 

(1) Description . - On 12 tfaroh 1943, the arohiteet- 
englneer was furnished with a proposed list (See A pp. C 14) of the 
buildings for a shopping center, based on an estimated population of 



6800 persona • Only two food stores were regarded m neooesary, 
eorering a floor spaoe of approximately 10*000 aqaaro foot eaoh. 
There was on store ea«h for drugs, shoes , sad hardware and one 
building eaoh for the following serrioe oetablishnents i milk 
dspot, coal yard, garage and serrioe station* eoablned bank and 
poet office p and eaffcteria. This initial list of ooaasreial 
establishaasnte was tentative* and in Iky 1MI V was rerised to 
Inolude a shoe repair shop, a barber shop # a bssuty shop, a shoe 
store, and two olothing storee whioh wsre laoorporated into a 
general werohandise establishment, and a laundry* The arehiteot* 
engineer then undertook to determine statistically the number, type, 
and sise of ooasoroial eetabllsfawsnts needed for the Tillage, 
based en an eetimated population of 8500* All the data gathered 
ft oa surreys were eompiled sad correlated in a oosplete report 
dated 8 Aue 194S (tee App. C 14)* Oil report oall#d for a weh 
sore extensive list of eetablishwente than had heretofore been 
proposed. The list of o-cmeroial so tab lishnents , authorised 
after submission of this report, remained in effeet even after the 
population estimate had risen to 7500. On 20 April 1944, this 
list was rerised beeause of the increased population estimate of 
16,000. All further rsvisions in the naamber of commercial estab- 
lishments were wade to fit ths aetual needs of the Tillage, 
inasmuch as a suffioiont number of houses had been completed to 

m 

determine the future requirements. Host of the Tillage 9 e com- 
ssrolal establishments (See App. B S) were completed and in 
operation by 15 February 1945. 
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(2) Locations * - The layout and looatioa of the ooa- 
«roial facilitio in ilichland waa not aueh of a problem. At 
Uut one of erary typa of eoaaercial aatabllshaetnt wan to ba lo» 
eat ad ia tha downtown seotlon and neighborhood establialuaents were 
to oonslst primarily of grocary storee* drug atorea* and gasoline 
stations* Consequently* oaa food atora waa loeatad ia tha downtown 
Motion* tha aaeond la tha northern portion* tha third ia tha 
•outharn portion* and tha fourth and fifth ia tha weatara portion 
of tha Tillage* Originally* it waa planned to locate a drug atora 
adjaoent to aaoh food a tore j howeTer* it wee found that three 
drug etoree vera all that would be neoeesary* Tha firet waa lo» 
oatad ia tha downtown aaotloa* tha aeoond in tha northern portion* 
and the third ia the wee tern portion* Inaenaioh ae the autaaotive 
garage and repair ahop* whioh alao oontainad a aerTloe etation* 
was to be loeatad in the downtown eeetion* the three eervioe atatlono 
were looated ia the residential areas* 

(2) gee of Existing facilities. * Ia the original 
Tillage of Siohland there waa one aediua-eited food store and 
poet offioe in the saae building* * barber ahop* pool hall* a 
saall drug store* a fro sea-food storage looker building* a saall 
food store and general variety store ia the aaaa building* and a 
c cabined milk depot and meat market* Although it was Intended 
that as neny as possible of the existing eoaaeroial faoilitiee 
would be utilised* it was found that in every ease the faoilitiee 
were too inall* too poorly loeatad* or unsuitable for incorporation 
in the new Tillage* The building containing the food atora and 
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post offios m expanded and converted into a hardware store* The 
original drug store was expanded and converted into a Western 
Union Office. The combined food and variety store building was 
expanded and converted into a sen's apparel shop and shoe store* 
The combined milk depot and mat market continued as such for 
approximately eight souths and was then converted and used as a 
temporary bus station for approximately fire months* In iarch 
1945, the Til lagers 9 Library was opened in this strueture* The 
original barber shop was oonrerted to a temporary laundry station 
and used for approximately one years then oonrerted into aa optical 
shop* An existing residenee was oonrerted into an eleotrioal shop* 
All commsroial facilities existing at the time of federal acquisi- 
tion of Richland were permitted to operate for several months with 
rery little restriction, because of the fact that these facilities 
wers needed* As these buildings were required for incorporation 
into the fixed building program* or as the new corner oial faoilities 
were made available for operation* the existing establishments 
wers replaced* 

(4) lew Faoilities* - Hew buildings constructed in* 
eluded the fire food stores* three drug stores* general merchandise 
store, rariety store* women's apparel store* barber and beauty shop* 
bank* post of flee, automotive garage* three service stations, shoe 
repair shop, laundry, and milk depot* 

d* Service Fac lilt lee* 

(1) 3 choo Is . - A school system had to be provided 
with a minimum of delay and study* Existing in Richland were a high 
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school and an elementary school accomodating 100 students and 320 
students , respectively. In order to expedite the school program* a 
15-room elementary school (later enlarged to 16 rooms) was authorized 
en 16 'larch 1948* Conditions were most uncertain* however, so that 
on 8 April 1943* a surrey was authorized to determine the actual 
sohool needs for a Tillage with a population of 6500 persons * This 
survey showed that # for Richland, an average of 0*6 children of 
school age per faadly was a reasonable figure and that, of all the 
students , 28 per cent would he of high school ago* These figures 
were used throughout the early phases of the planning and construc- 
tion of the villageg however, as more of the residences were occupied 
and the village began to develop, it was possible to determine more 
accurately what the actual future needs of the village would be* 0m 
the basis of the above study an addition of 18 rooms te the existing 
high school was designed* When the population estimate had rieen to 
7750* s more thorough and careful inspection was made of this build** 
ing and it was determined then that the necessary additions required 
would not be feasible because of the poor condition of the building* 
Although this existing high school was used during the school year 
1948*164** it was later abandoned and condemned for school purposes* 
and a new 15-room high school* to serve sons 840 students* was 
authorised about 1 July 1948* In January 1944* an addition to the 
high sohool was authorised* in line with the population eetimste at 

that time* in order to serve some 660 students* As the population 
estimate rose to 7750* an additional elementary school of eight rooms 
was designed* making a total of three elementary schools* including 



the existing one. Later* aa the population eetiaate advanced to 
12*000 and then to l^f*000* a second 16-rooa elementary aohool and an 
addition to the exieting elementary school vera authorised* These 
four elementary schools and the high school prorided adequate 
facilities for approximately 1900 students* ETary effort waa made to 
locate the elementary schools so that the students would be required 
to cross as few of the wtll-traTeled • tracts aa possible in going to 
and from school* The high school* of course* waa located centrally 
eo as te be equally aeeeesible from all parts of the Tillage* The 
exieting grade school waa located to serre adequately thoee residents 
in the southern portion of the Tillage. The fir at 16-roca elementary 
aohool authorised was looated so aa to serre the northern eeotion of 
the Tillage and a portion of the reeidents in the weetern eeotion of 
the Tillage* Thia is practically the only case where it le necessary 
for the children to cross important thoroughfares in going te and 
from school* Inasmuch as the northeaat seotion of the Tillage was 
isolated froa all other sections* the eight room elementary school 
mas placed there* ah lie the second 16~roaa eleasntary school author- 
ised was looated in the western section* Ample grounds were in* 
eluded in the design of the elementary schools* for recreational 
purposes* In addition* the area in front of the high school was 
aads into the high aohool athletic field* Each eleasntary aohool 
contained a combination gyanaaiua and auditor iw* whereas the high 
school had a separata gyanaaiua* an auditor iua seating approxiaately 
500 persons* and a oafeteria for ear Ting lunchee to the students • 
With the exception of the existing elementary school* which is a 



red brick structure all of the Ri oh land schools are of wood fr&me 
construction. 

(2) Sfedical Facilities* 

(a) Community Needs. - Prior to establishment of 
*v medical program for the Tillage of Richland* survey of neighboring 
facilities showed the necessity, as in the oase of construction needs 
at Hanford. of providing complete facilities for medical care of all 
Richland residents dependent upon the Hanford Engineer (forks either 

i 

directly or indirectly, for both oooupational and non-occupational 
illnesses and injuries* The determining factor in this decision 
was the isolation of the project, removed from population centers 
with established medioal facilities of sufficient capacity to render 
the required service* As an additional factor* it was decided that 
the medical facilities provided at Hanford for oonstructioa personnel 
should net be used after the start of operations since possible plant 
baser ds dictated the CTaouation of the construction Tillage* 

To prorlde the required medical facilities 
for a Tillage with estimated 15*000 population* the construction of 
a 75-bed hospital was authorised at Richland* SO miles from the 
operating area boundary* Since a population of only 16*000* plus 
the factor of isolation as well as a high percentage of dormitory- 
housed workers* prevented application of normal hospital patient- 
population ratios* a ratio of 6 beds per thousand population was set* 
even though the national average wae not as high* After a short 
period of operation* it was found that 9 while this ratio proved ade- 
quate for general needs* obstetrical cases and out-patient load 
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eft Had for additional facilities, resulting ia the construction of 
a wing to tho obstetrical » tot ion and of a upiratt building for 
dental and out-patient treatment $ in addition, two housing units 
vera prorided for use mm isolation wards in oontagioua oases* 

(b) Policy* - To establish the most adequate 
end desirable type of aedioal serrioe for the operation of Haaford 
Kngiaoer Works 0 the medical orgcaiiation was designed with twm 
major dirlsions. Tillage health and industrial medical care* The 
Tillage health program m planned to offer speeialitiee, suoh as 
obete trios, pediatrics, surgery, internal medicine, otolaryngology, 
proouring speoialists to head eaoh field and thus offering better 
serrioe than a type of general practise would make possible* The 
Washington State Licence Bureau offered oooperation in making ex- 
eeptions to the aedioal praotioe aet during the emergency, by en* 
abling doctors and xatrses with proper credentials to seeur* 
temporary lioense** 

▲11 eatployeoe of this seat ion, including 
physicians* were re labors ed by salary* maintaining for the Tillage 
residents free ohoioe of phyaioiaa *a far ss the lat tar's tims per- 
mitted. Peee sad charges, while generally based upon Washington 
State compensation fees, were scheduled after duo consideration of 
those ia the surrounding oemnities and were somewhat lower thaa 
normal for specialised serrioes sa an inducement la proouring 
personnel aad reducing labor turo-erer* 

(o) Type of Serrioe Renders** - It had been 
planned to take orer aedioal care of Tillage residents at the 
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Richland facility on 1 August 1944, but by 20 May 1944, after operat- 
ing fro* Iter oh 1944 under a method whereby physioians fro* the Con* 
etruetion Sedioal Department furnished medioal oare and o barged 
non-industrial patiente a regular fee, it was decided to take orer 
complete medical oare at once* However, this created an excessive 
load and all oare wae placed on an emergency basis, reealting in an 
arrangement whereby plant injur ice, or very minor personal illnesses 
or injur lee, would be treated without oharge by the first-aid station, 
all other patiente being referred to the olinie for oare at regular 
feeo* From thie arrangement, prooeduree gradually developed until 
patiente came to the olinio only with prior appointment, except in 
oaeee of emergency* 

Bjy 1 August 1944, hospital facilities were 
being utilised 100% and a wing addition to the obetetrioal section 
wae neoeasary, while by lovsmbcr, overcrowded out-patient faoilitiee 
forced oonstruotiom of a separate medical and dental out-patient 
building* By thie time, full epeoialty oorvioee such ae surgery, 
pedia trice, obetetrioe, internal medioine, otolaryngology and opX 
thalmology were a regular part of the aedioal program available to 
both hospital and out-patient oaeee, supplemented in all ways with 
adequate laboratory and X-ray faoilitiee* 

(d) Dental Program* - Ae indicated im the pre* 
ceding paragraph, the dental program wae oloeely established with 
the medical program, service starting in June 1944 on an emergency 
basis* With ths arrival of additional personnel in Auguet 1944, 
regular service was offered on a fee basis, leaving patients free 
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te ohooeo dentists within Halts of the doctor's availability. Den- 
tal procedures were not standard! sed # each dentist conducting his 
practice according to his ability, training and judgment* rece lying 
reimbursement as regular salary* with no bonus or percentage although 
records wwre kept of each dentist's "earnings." 

(e) Publlo Health Progrw, • On 15 January 194fi* 
the Publio Health Section of the Construction Medical Department was 
completely transferred to Operations after hawing been gradually 
shifted on a loan basis. The function assumed likeness to a Public 
Health Dspartaent of a normal city, with clinics for tuberculosis* 
Teneroal disease, and maternity oases maintained for the protection 
of project personnel* An inspection serrioe for milk* water and food 
was established, along with sanitary inspection serrioe for all 
cafeterias, canteens # cafes # dormitories* barracks and food stores* 
as well as sewage disposal* malaria and pest oontrol and water 
analysis* All suoh sendees were without oharge as a protection to 
the project as a whole, and inoluded public health aursing serrioe for 
infant and pre-oohool* school* adult* and industrial hygiene, and 
morbidity and crippled children's serriees. 

(f) Emergency Disaster Program . - To minimise 
possible results from a mjor disaster , a medical preparedness pro- 
gram was established under onrer-all direction of Ifr. I* Stapleton. 
Definite emergency assignments were given all modioli personnel* and 
emergency field units were organised* together with plans to evacuate 
the plant areas and Bi oh land Tillage if such drastic action were 
oalled for in the emergency. 
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(3) Churohes * - In view of the fact that it was i»- 
poasible to determine in advance the church requirement* for Richland, 
the question of the raimber and sites of the new churohes to be pro* 
vided was left open until the early summer of 1944* Prior to this 
time, ample temporary facilities were available for churoh use* 
Four churches existed in Sichland at the start of construction* 
Three were small and in suoh poor condition that they were not con* 
sidered for further use as churohes in the new Tillage* The fourth* 



whioh originally was a United Protestant Church, was renorated and 
improved and used as one of the continuing protectant churches* The 
question of determining what church facilities should be prorided 
in Richland was handled almost entirely by the Sorernment, which had 
made it known that facilities would be prorided for all church groups 
desirous of meeting* The problem of churohes in Richland was greatly 
simplified* howerer, through the existence in this portion of the 
State of Washington of what is known as the United Protestant 
Church (See App* B 4)* The Episoopal and Lutheran groups later 
withdrew from the United Protestant group, so that, in determining 
the church facilities to be prorided in Richland, the Catholic, 
United Protestant, Episcopal, Lutheran, and Mormon groups were to be 
represented. The original United Protestant Church was used by most 
of the Protestant groups during ths construction of the rill age* 
When the high school auditorium was ocsqpleted, howerer, the United 



Protestant group mored to this location and the former United Protes- 
tant Churoh was used by the Lutheran, Episcopal, and Mormon groups* 
Since there was no Catholic Church in the original Tillage, the 
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Orange Hall was converted for use aa a temporary Catholic Church, 
4 number of small group* made use of tha various school faoilitlaa 
in tha Tillage, In view of tha fact that tha Cor pa of Engineers had 
a design immediately arailable for a standard Army oh ape 1 seating 
approximately 250 persons, the Government proposed that two of these 

ohapela be used in Richland. A study of the matter, h o wev er # de«* 

* 

termined that these ohapela would be inadequate* Consequently, the 
Government undertook to expand the original deaign to provide for 
a seating capacity of 650 persons in each churoh. The continuing 
churoh facilities in Richland, therefore, oonsiet of one existing 
church to serve the episcopal, Lutheran, Mormon, and miscellaneous 
groupc, one new Catholio Churoh, and one nev United Protectant Churoh. 

(4) Fire ftrotootloru - In the deeign of the Tillage, 
the problem of fire protection was given careful consideration be- 
oause practically all of the buildings were to be of frame con- 
struction. In the design layout of the conventional type houses, 
a minima spacing between houeee was established* Since the pre* 
fabricated houses are heated electrically and the fire riek ia greatly 
leaaened, a smaller minima spacing between the prefabricated housee 
was established. A total of 441 frost-proofed fire pings and 99 fire 
alarm boxea hare been provided for Richland. It the start of construe* 
tion in Richland, a small churoh waa converted for use ae a fire 
station* It was planned that this would be uaed temporarily and that 
a new fire atation would be constructed in the Municipal Building. Aa 
the population estimates of the village rose, a second new fire station 
was authorised* Ihen theae two new structures had been completed. 
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homager, it m decided that adequate f Ira protection for tha Tillage 
would naaaaaitata retaining tha original temporary fire atatioa aa a 
continuing structure. A total of 10 stalls* houaing equipment oapabia 
of pumping a total of 3500 gel lone of water par minute, vara prorided* 

In oaaaa of emergencies, additional equipment could ba dram ftroat tha 

« 

varloua othar portion of tha plant or from lanneviok aid Pasco. 

(5) Raereational Facllltiac* m Tha isolation of Rich* 
land r a quired that raoraational faailitiaa ba provided* Thoaa 
existing in Richland at tha start of construction oonaiatad of a 
1^-aorc park containing a swii I ag pool* bath houecs* a wading pool* 
and rariooa pionio faailitiaa. Thia park* loaatad along tha river* 
was incorporated almoet intact in tha near Tillage* The major ohangaa 
wara tha addition of four bltuminoue-earfaoed tannia courta and a 
snail ohlorinatioa atatioa for tha two pools. Tha poele wara eoa* 
naotad to tha Tillage watar supply aystem* wharaaa tha watar prariooa* 
ly had baaa pumped directly tram tha Columbia RlTer. Opan plota of 
land in tha rlllaga wara gradad and plantad for uaa of aaall nelghbor- 
hood parka * and baaaball and Softball diaaonda wara aatabliahad la 
convenient locations. Ona baaaball diamond ia tha northeastern 
aaation oontainad blaaehara for s sating some 500 parsons* Aa eth- 
latio fiald containing baaaball and Softball diamonds* tannia oourta* 
a t-aila track* and a regulation football fiald with blaaohera to 
aaat 2500 pars ona waa da signed to ba constructed aouthaaat of tha high 
school* Although primarily for school purpoeea* thia athletic field* 
aa wall aa tha gymnasiums in each of tha fire schools, ia arai labia 
for Tillage uaa whan not employed for school aotiTltiea* Ona aoria 




theatre seating approximately 526 persons wu originally designed for 
Richland* However * this small structure proved inadequate* and a 
second identical theatre was authorised* To supplement the theatres 
and outdoor recreational facilities, a recreation building was 
designed containing howling alleys, billard and pool room, two card 
or lounge rooms* and a ballroom* Later a taproom end a dining roosi 
were added* There is also a small lunch counter ia the building 
capable of seating 35 persons* Along the southeast portion of the 
building is a concrete-pared open-air terrace providing space for 
tables and chairs* 

•• gtlllt1 "' 

(1) Electric*! DUtribation* - A. 66 kiloTolt Faeifio 
Power and Light Company lino oxttnded through Siohland botweon Sanford 
and Put* with * 500 kilorolt-aapore substation at Riohland* All 

■ 

electrical design for the village was based on the use of this line* 
As the line could be supplied individually from either the Fasoo or 
the Hanford end* am adequate safety factor was provided* The exist-* 

ing substation was not incorporated into the new village but was used 

» 

until the first new substation was completed. The first substation 
constructed in Richland had a capacity *f 6000 ki lovo lt~*mpcr e* and 
a rating of 66 Id lovo Its to 7*1 ki lovo Its. At the time this sub- 
station was designed it was capable of handling the eleotrioal load 
for the village and the Administration Area combined* As the popula* 
tion estimates of the village increased* additional primary trans* 
former capacities became necessary and a second 5000 kl lovo It-ampere 
primary substation was designed* In order to handle the additional 



load required to heat the prefabricated houece electrically, another 
primary substation having a oapaeity of 10,000 kilovolt-aaperes m 
authorised* All eleotrieal lines la Ri oh land vers looatod la the 
oenters of the blocks* behind the houses* and the secondary or dis— 
trlbution transformers were placed on poles at necessary locations. 
These secondary transformers reduced the voltage from 7*1 kilorolts 
to 440* 220, and 110 to Its. Standard street lights mere erected in 
the oentral portion of the Tillage and along all main or intercon- 
necting thoroughfares * In outlying sections, however, the street 
lights mere generally restricted to intersections* 

(2) Sanitary facilities* - A modern sevage 
disposal system was designed for the new Tillage as it was not ad- 
visable, and it would have been contrary to the lame of the State of 
♦ 

Washington, to permit dumping ram sewage into the river* The dis- 
posal system was designed to separate the solids* chlorinate the 
liquor, and reduce the bacteria count sufficiently to allow it to be 
discharged to the riTer* The solids were to be digested, dried, and 
placed on a refuse dump or distributed as a low grade fertiliser* 
Rrior to the completion of the permanent sewage disposal plant, the 
contraction of the Tillage had progressed sufficiently so that 

temporary sewage disposal facilities were neoeesary* For this pur- 

■ 

pose, two "Lrtioff tanks"* were used until IS April 1944, when the new 
sewage disposal plant went into operation* The temporary plants were 
then broken up and buried* The design of the sanitary system in Rich- 
land warn a combination of gravity and forced flow* The sewage from 
the northern portion of the village drained by gravity to a lift 
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station and was pumped approximately one and one-half miles to the 
sewage dlapoaal station looated southeast of the Village. The 
southern and central portion of the system drained by gravity to the 

■ 

sewage disposal plant. The sewage lift station contained an under* 
ground reservoir and had a total pumping capacity of 2800 gallons per 
minute. The pumps were automatically float controlled. The original 
sewage disposal plant was designed to handle 900,000 gallons of 
sewage per day. Studies made during the latter part of 1944* based 
on the increased site of the village, indicated that the original 
design would be inadequate. Consequently, the capacity of the sewage 
disposal plant was increased to enable it to handle 1,800,000 gallons 
per day. As soon as the first houses in the northern portion of the 
Tillage were occupied, a garbage disposal system was inaugurated. 

(S) Rater Supply . * Two methods for securing an ade- 
quate water supply for Richland, driven wells and a pump house on the 
Columbia River, were available. However, the river pump house was 
never given serious consideration since wells oould be constructed 
more easily and qulokly and would provide water which did not require 
filtering. Preliminary investigation of the subterranean water 
fields in Richland disoloeed that the most suitable locations, at 
least for the initial wells, would be in the hollow south of Swift 
Boulevard between the railroad line and the main irrigation canal. 
The first group of wells was drilled in this vioinity (See App. A 6). 
The design of the continuing water system for Ri oh land called for 
all of the wells to feed into one raw water collection header, which 
would in turn feed into a ground water storage reservoir (See App. 
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A 6)* Frost there* the water would be pimped into the system* Prior 
to the completion of the permanent water reservoir and pimping facil- 
ities # a water supply was necessary for those completed residences in 
the northern portion of the Tillage* Consequent ly § a temporary water 
supply system was established* The use of the existing underground 
water lines in the central portion of the village, in conjunction 
with the new system, continued until the early part of 1944, when the 
laying of all water lines in this section of the village was com- 
pleted* For the continuing water supply system in Richland one 
1,000,000-gallon ground storage reservoir was constructed* Because 
of increased population, a second reservoir was constructed ad- 
jacent to the north end of the first reservoir* All wells in the 
village fed into these reservoirs through a small ehlorination 
station located between them* The first pump house constructed in 
Richland had a total capacity of 6000 gallons per minute and the 
second had a total capacity of 4000 gallons per minute* Although a 
wall developed irrigation system fed by water from the Takima River 
existed in the village, it was not capable of supplying irrigation 
water to other than isolated portions of the village or to those 
portions where no construction had, as yet, been undertaken* Con- 
sequently, during the fall of 1948 and during 1944, water for lr- 

- 

rigation was supplied principally from the water supply system* 
Close observation of the water table during 1944, however, disclosed 
that it was dropping at an alarming rate and fears were expressed at 
that time that the table might drop so low that the wells would be 
incapable of supplying the Richland water needs* Consequently, 
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three separate steps vers taken to insure that Richland would at no 
time be without an adequate supply of water* A design for a river 
pump house and filter plant was prepared by the architect-engineer 
and plaoed on file* available for immediate use whenever necessary* 
The seeond step consisted of additional well drillings and invest!* 
gationa to determine whether other subterranean water sources 
under lying Rl oh land were available* The third step* consisting of 
an investigation of the method by which the water table was being fed* 
disclosed that the major portion of tho underground water was obtained 
by seepage from the irrigation system* Owing the summer and fall of 
1944* therefore* as em emergency measure* several lorn portions of 
land in Richland were flooded with water from the irrigation system 
in order to maintain the water table* In addition* designs were 
prepared and construction was started on an underground irrigation 
system for distributing the major portion of the Irrigation water 
from the irrigation oanal* This system went into operation in the 
spring of 1945* reducing the demand on the wells* and increasing the 
supply of ground water* 

(4) Streets and Walks > - A total of approximately 56 
miles of asphalt-bound asesdam streets was provided in Richland* 
The width* exclusive of sidewalk* varies from 20 feet for the majority 
of the residential streets to 56 feet for the main thoroughfares. 3y 
using asphalt-bound macadam* it was possible to use all native mater* 
ial except for the asphalt* thereby eliminating the necessity of 
shipping stone* sand* and other ingredients* Because of the narrow* 
ness of the streets in the residential areas* it was necessary to 
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establish parking compounds within the interior of the blooks* Side* 
walks in the Tillage center are of concrete and are provided on both 
sides of the street while in the residential areas macadam sidewalks 
are provided on one side of the street only* 

(5) Can— inl cations* * The design and construction 
of Riohland Village inoluded a complete telephone system* Except 
for a few scattered cases, all telephone lines in the Tillage are 
earried on the eleotrie poles* The original telephone exchange for 
Riohland was used for a short tine only* A new telephone exchange 
for both the Tillage and Administration Area was located la the Ad- 
ministration Area* 

f • Inter-City Transportation Facilities* - Existing bus 
lines providing transportation for Riohland and surrounding eon- 
■unities continued to operate after federal acquisition of the Tillage 
and these lines used any suitable location on George Washington *ay 
for terminal purposes* A corner oial bus depot (See App* A 6)* in* 
eluding a waiting room* ticket booths* parking facilities* and a 
lunch room* mas authorised* Design for the structure was prepared* 
free of charge* by the Washington Motor Coach Company* However, 
this service did not give the coach company any tpeoial rights or 
privileges* nor did it eliminate the necessity for approrals of design 
by the Corps of Engineers and the Prime Contractor* The depot was to 
be used by all inter-city lines* Prior to the completion of the fixed 
depot* an existing struoture was used as a temporary depot for ap- 
proximately f Its months* Although a railroad spur line is prorided 
into Riohland* it is intended for freight use only* 
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SSCTIOI 9 - COSTS 



9*1* Cost of D>tl£, • The ooet of the defies of th# Hanford 
Engineer Dorics* according to the latest available data (Sh App. B 
S)* na $2,681,860.00. The major expense of design was for salaries 
and wages in the design flection of the Prime Contractor v s Engineer* 
lag Dirision in Wilmington* 

9-2. Cost Tabulation* • The break-down of design ooete ie made* 
according to the Prime Contractor's accounting designations, by Areas* 
The 100* 200* and 300 Areas are the primary manufacturing areas* The 
500* 800* 800* and 900 Areas are service facilities. The 700 Area ie 
the Administration Area* including maintenance facilities* and the 
1700* 2700. and 3700 Areas are the administration and maintenance 
buildinge in 100* 200* and 300 Areas respectively* The 1100 Area ie 
Richland Tillage. TO is for T em por ary Construction* throughout the 
reservation. CO includes all Cooaseroial Contracts far temporary 
faoilitiee and ie further broken deem intoi HO * Hanford Commercial 
contracts and temporary facilities | OC • General Cosoercial contraote 
and temporary faoilitiee mhich includes rehabilitation of reeidenoee 
and faoilitiee in nearby ooanunitieei and XC • Commercial contracts 
and temporary faoilitiee for the 3000 Area (3ee App. B 5)* 




SECTION 10 - ORGANIZATION AND PERSONNEL 

10*1 * General • - Preliminary design of all primary plutoniiai 
Manufacturing facilities was fur nil had by the frtallurgical Labor a- 

■ 

tory at the University of Chicago under the general supervision of 
the Area engineer* Chioago (See 7ol. 2)* and in olose liaison with 
teohnioal representatives of the Prime Contraetor. The preliminary 
designs were translated into formal working drawings and specific*-' 
tions by the Prime Contraetor at Wilmington* Delaware* Process de- 
signs* ready for construction* were approved by the Area Kngineore 
at Wilmington and at Ghieag** Auxiliary preeeee design* suoh as the 
elaborate water and power systems* were aooomplished by da Pont with- 
out Jtetallurgioal Laboratory assistance and approred only by the Area 
Engineer at Wilmington* Delaware* Concurrently* the design of Rich- 
land Tillage and the Hanford Construction Camp was aooomplished at 
Hanford (See Tol. 5 - Construction)* 

10-1 • Wilmington Area Qffloe* - The Manhattan District was 
represented at the Wilmington Area Office by Ufcjor II. U Sapper* Area 
Engineer. The Engineering Section (See App« B 6) was headed by B« 
Bowolle. In addition* engineering ooneultants representing the Han- 
ford Area Engineer reviewed all design for primary and auxiliary 
manufacturing faoilitiee for the Hanford Engineer Horks* These con- 
sultants were as follows a R« C« Bageman* primary and auxiliary pre- 
eeee engineering during the entire deeiga period} 0* 3« Clark* higji 
roltage eleetrioal tranamlssionj and C* 0* Reaning* structural and 
olril engineering* during the first few months* after which he was 
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transferred to Hertford. 

10-3 • Chicago Artt Office. - The Manhattan District «i repre- 
sented at the Uotallurgioal Laboratory by Captain* now Lieutenant Colo- 
nal» A« ?■ Brtersoa* Area Engineer* during the period when the balk of 
Hanford research and design eea accomplished* During the final part 
of the work Captain* now Uajar* J« Mslinley served as Area Engineer* 

10*4 • Cwrtraetor'e Organisation. - 

a. TNI Division* - The TUX Division of' the Exploelvoa 
Department of the E. I# du Pont do Honours and Company was organised 
at Wilmington* DeLmmre to ooordinate and dlreot all aetlvitiee of the 
lYlae Contractor relating to design* ooaatruotloa* and operation of the 
Hanfard Engineer Harks # This division was headed by a* Wllliaae. The 
TIX Division oonsisted of tee primary divisional the Teehnieal Divi- 
sioa headed by C. I. Oreenmealt and CU Or e v es | the ttsaufaoturlng 
Division headed by 1. X* Evans and 1« Til ley. The Taohnioal Division 
was responsible far obtaining* ooapillng* oheoking* and correlating 
information from the Mstallnrgioal Laboratory and Baking aueh informa- 
tion available for translation into working drawing* and speoifloa- 
tione. The Manufacturing Division waa closely assooiated with the 
Teehnieal Di vie ion. assisting in design* carrying oat the vast pre* 
paratory program required for plant operational and furnishing o on- 
suiting servioe to the Construction Division* 

b. Engineering Deportment. • The Arise Contractors 
Engineering Department under E« 0. Aekart and 9* M. Read wee respon- 
sible for converting the process research and development furnished 

by the Uotallurgioal Laboratory through the THX Teehnieal Division into 




working drawings and specifications suitable for construction of tho 
plant (Sm App # B 7), In addition* this department provided tha la* 
duatrial and technical knowledge and tha design for thoaa olaaante of 
tha plant oonf anting acre nearly to standard pr actios* This work of 
tha Engineering Depertiaant was headed by ?• C* Gary, aasisted by 
J # p, Martel* Tha Supervising Engineer was ?• Pardee* Jr 9# 
seals ted by H# T« Daniels* Pile design was headed by J* A* Burns* 
Separation Plant design by R, P* Oeosraux, and Mstal Pabrioation and 
Testing Area and Adalnletratlon Area design by L* H» Haupt* The 
design of tha steaa powar and water eyateaa waa haadad by W« I. 
Hosvwood and 0* S # Coffin and that of the eleotrioal powar trans- 
aiasioa and distribution ays tea by R» f* Reynolds and !• S* Cough laa* 
Engineering design work at the site was under tha diraotion of 3* 
Sanrla* Richland Tillage waa designed by Q. A* Pshrson* aa arohiteot- 
englneer, under a subcontract. 
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Sulaaail Xnvaatlgatioaa, 1.8 
Subatatloa, 7.1ff», SUB 
JaifB Benlaaard, 8*28 
Salnnlng Pool, 8 588 



TdtalaBiona, A pp. 8. 

TbMOb*, It? 

Tank Car* £+6? 

T«nk» # fl*C4, 8,04» 6*88* 0«19£f8j 
SbjjW^iibjV ftftAwr* 8b*84 

StCMT«et» 8*19 

ftrooMfl ^«Ur 9 8*68 
TMAmUU Dtv« # 20*8 
T^l^phon Swhmg tB ?*8# 8## 

Admlx&mlarvlktaa Ar—# 8 #6,) 8 #28 

Iteifordd) TdJt 

Qrlfina # 8#i 0 itJW 

Prodofftioa ir#Md> fa>8 

BlohUwlp T«J # 8*3§ 

r«ldWri«888Bj) 08jf 

Ti«nw«M V*Uqf Authority* 1*8 
tmrntm Court** 8«j88 
TMttag «f C«aei*d Slag** 4*iff « t 
8,48 

TMting of Pll* CoMtruotliHi 

AUrUlf, 4 # lff« 

?•*« ?iu # 4,1* sa 

ThMtrMd) 8*88 

TIm SXmmtd) 6»8 

TUd, 8«49 

TJfX DiTifdoa, 10«8 

T^ftOBifMr ATM* 6+6T 

Tr»o»f»r 7ivsllitl»« 9 6«8i 

7rma*farmmr* 0 8»M 




rraoMutatlott JVooeee* 4*1* 
5*Uff 9 

rraneportatlea Faoilitiaa* 8 •at 

Inter»Citgr* 8«88 
Tubea* 8*4Qff« 

Correeion* 5*48 

Sxpaaaloo* 8«4t 

lotion* 8.48 

Radiation* 8*48 



?ta*tlll* 9 Oregon* 
University of Chicago* 6*1 
(ir«d«| 1.1* 1*4* S«lff«* 8,8, 

4.1ff.* 6. Iff., 8*4fT. 9 6*1* 

8*4fr« 
Urenlia»ii86* 5.10ff # 
t¥«nlw Oarbide* 6.8* 5.18 
T !r i nS w-HtavjHiatar ?lfta%t 8*9 
Uranium leaef luoride-Cooled Plant* 

U* 8* Pipe and Foundry <?©•• 8*46 
U* 3* Rubber Co** 6 a 68 



latar Supply* 8 US 
fater >y*t<m, 8*4ff* 9 5*5»ff. 9 
8.84ff* 

Deaeratlon* 8*6T 
i>mlaMralisatiaa* 8*M* 5«08 
i^argerwyp 8*84 
Filter Plant * 8,68 
Wr ooeee Mtar ftwpe* 8.4* 
8*88 

Ffr oeo oo <a«tar Storage* 5«S8 
Refrigeration* 8*87 
aeeerroir* 8*88 
Retention Satin* 8*4* 8*36* 
6*70 

Rlwr Houm, 5.61 
ffeMlag, S«47Cr a 
3«lla 0 8*25 

■1— t rm OKLoa Qffle** 8 .IS 
nhita Hteffa, f.Sff. 
Nhltiag Carpw* 8.1T 
sriUdi^toa. Ul, 4.1. 9.1 
Nilalactoa Am, lo.l 

■niiingtow offi«» # 10*1 



Ventilation, 8.71, 8.20 j_2«y, 5.1 

Building, 5.20 

SqpipMKXt, 8.78 

3t*ok, 8.71, 6«tO 
7«rnita« fashioetcai* 7*7 TakiMu 8.7 

7«rtieal Pll», B.M Takia* Biw, 8.1. 8.1 

7«rtio*l Safttj Roda, 6.81, 

8.60a 5.6t 
Tie* ArMldMift of ti» Onit»d 
SIssfeM. 1.8 



Yalta* 8*17 

vtar Dept** 1*8* 8*1 

fter ftroduetioa Board* 8*8 

aahlngtoo* D. C # * 2«8 
^aahizigton Jotcr Coach Co.* 8*28 

taahiagtcm itate Mtfmqf Dept.* 
7.8 

Saate 3t*ek* 8.20* 8*20 
"fiaote Storage* 8*18 
'ator-Coolad Unit, 1*8* 9*17* 

5*21ff* 
Tatar Cooling* 8#1T 0 6.21ff. 
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